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CHAPTER XIII 


FUNCTIONAL DIAGNOSIS 
By Max Kaun, M.A., M.D., Pu.D. 


INTRODUCTION 


The attempts at the investigation of the functional capacity of vari- 
ous organs have yielded profitable results, and the literature of the past 
several decades is replete with suggestions for such examinations. The 
question whether there is such a phenomenon as a functional disease of 
an organ without some underlying structural pathology is a mooted 
one, and the preponderance of opinion seems to be that there can be no 
derangement in the functional activity without some inflammatory, neo- 
plastic or other process as a causative factor. Nevertheless, the poor 
functioning of a certain tissue may be due to some pathology in a neigh- 
boring organ, rather than in the tissue itself, thus, for example, gastric 
derangement is recognized as a common manifestation in appendicitis, 
gall-bladder disease and structural diseases of the colon. As Stockton 
says, ‘‘An unprejudiced view would seem to grant that a disordered 
nervous system may at times give rise to cardiospasm or pylorospasm, 
but the warning should be kept in mind that we should seek the cause 
in some marked irritation at or near the abnormal contraction.”’ 

The purpose of function testing is of double significance. If we 
assume that a derangement of activity of a certain gland is the result of 
some structural changes in that gland, the finding of such lessened func- 
tion will give us a clue to the diagnosis. For instance, if we were to 
find that the functional activity of the pancreas is below par, we may 
assume (from the above hypothesis) that there is some pathological 
ehange in this gland. So also with the stomach, intestines, etc. On 
the other hand, granted that there is a diseased state in a special gland, 
for example, the liver or kidneys, what is the functional capacity of the 
organ? <A patient who has chronic hepatitis or chronic nephritis, may 
still have enough functional compensation to carry him through many 
years of life. From the prognostic and therapeutic viewpoints, there- 
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fore, it is essential to know just exactly how much we can expect a 
certain organ to perform. It should be distinctly understood, however, 
that a function test does not make a diagnosis for the clinician as to 
the type of underlying pathology in the involved tissue. Thus, one 
cannot expect the biochemist to give a verdict of cancer of the stomach 
after having performed the Rehfuss fractional analysis of the gastric 
contents. The biochemist can state that at the time of the analysis the 
stomach of the patient showed an absence of free acid, etc., which may 
be due to carcinoma or to several other causes. The result of the test is 
simply an additional symptom for the clinician to take into considera- 
tion. The best results can be obtained when the physician and the 
laboratory scientist work in collaboration, i. e., discuss the history of 
the case, and the other symptoms present. It is remarkable how much 
information a test tube examination can give us, but to expect it to give 
us all the information about an individual case is a rather premature 
hope with the present state of knowledge. It is a precarious undertaking 
to make a pathological diagnosis with one function test, in many in- 
stances, 

It is the purpose in these chapters to place before the profession a 
review (which we have endeavored to make as complete as possible) of 
the tests that have been suggested for examining the functional activity 
of the various organs that have been studied. The work is complete in 
itself, in that all the chemical and biochemical methods used in the con- 
duction of these tests have been described in detail. Many of the tests 
described have fallen into disrepute, and we have discussed them for 
the sake of completeness. Much remains to be done in this field of inves- 
tigation. We wish to thank Prof. P. B. Hawk for his kind permission 
to quote from his excellent textbook several of the directions for the 
analysis of the blood and urine. 


I. GASTRO-INTESTINAL FUNCTION TESTS 


By Max Kaun, M.A., M.D., Pu.D. 


Determination of peptic activity, p. 4—Determination of tryptic ac- 
tivity, p.S—Detection of rennin, p. 6—Detection of organic acid, p. 
6—Detection of lactic acid, p. 6—Detection of butyric acid, p. 6— 
Detection of acetic acid, p. 7—Topfer’s method of gastric analysis, 
p. 7—Glutzinski’s method for gastric acidity, p. 9—Volume of gas- 
tric secretion, p. 10—-Rehfuss method of fractional analysis, p. 12— 
The gastric residuum, p. 21—Simultaneous fractional analyses of 
gastric and duodenal contents, p. 25—Gastro-albumorrhea test, p. 25 
—Gastric emptying power, p. 31—Motility of intestine, p. 34—In- 
testinal putrefaction, p. 42. 


' We shall first discuss the tests that determine the secretive functions 
of the stomach. It has been the custom to administer to the patient a 
certain test-diet and after allowing it to be digested in the stomach for 
some time, to remove the gastric contents and analyze it for the various 
constituents. We shall enumerate several of the test-diets suggested : 


Trst-MEALS 


Test-Breakfast of Ewald and Boas. 

Diet: 35 geen wheat bread. 400 ¢.c. water or weak tea, without 
sugar. 

Method: Give as breakfast on empty stomach. (In cases of dilata- 
tion do previous lavage. ) 

Remove one hour later, at time of maximum acidity. 

Principle: Bland stimulant of gastric juice. 


Test-Breakfast of Boas. 

Diet: Oatmeal soup—500 c.c. (made of one-half ounce rolled oats in 
water). 

Remove one hour later. 

Principle: Does not introduce lactic acid which is present in all 
kinds of bread. Employed in cases of cancer of stomach where certain 
and quantitative tests for lactic acid are desired. The stomach is washed 
the night before. 


Test-Breakfast of Dock. 

Patient receives one shredded wheat biscuit and a glass of water. 
This breakfast contains no lactic acid, and in this has the advantage over 
Ewald’s test-diet. 
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Oatmeal Test-Breakfast of Boas. 


One tablespoonful of oatmeal is boiled in 800 ¢.c. water until the 
volume is reduced to 400 c.c. and is then given to the patient. This. is 
free of lactic acid. 


Dry Test-Breakfast of Boas. 


Five Albert cakes are given to the patient to be masticated thor- 
oughly, and swallowed without fluid of any sort. 


Test-Dinner of Riegel. 

Diet: Plate of soup 400 c.c. Beefsteak 150-200 grams. Mashed 
potatoes 150 grams. 

Remove after four hours (time of maximum acidity). 

Disadvantages: (J) Positive lactic acid reaction obtained from the 
sarcolactic acid, irrespective of HC] present. (2) Stomach tube may 
be occluded by undigested meat. 


Test-Meal of Fischer. 


This consists of an Ewald or Dock breakfast together with a quarter 
of a pound of finely chopped lean beef, broiled and slightly seasoned. 
It is removed after three hours (if the gastric secretory power is being 
examined), or after seven hours (if the gastric motility is investigated). 


Test-Supper of Boas. 


This consists of 100 grams white bread with a little butter, and cold 
meat, together with two cups of tea with sugar. Some distinguishing 
ingredient like raisins or spinach or currants is added. This meal is 
taken at bedtime, and the gastric contents removed in the morning 
before breakfast. 


Determination of Peptic Activity—Merruop or Mert as Mopiriep 
BY NIRENSTEIN AND ScuiFFr.—Principle—Nirenstein and Schiff recom- 
mend that the gastric juice be diluted so as to overcome the effect of the 
inhibiting substances. Capillary glass tubes are filled with egg-white and 
are allowed to lie in the diluted gastric juice in the incubator for a defi- 
nite length of time. Depending upon the amount of pepsin present, 
the protein is digested at both ends of the tube. For clinical purposes 
this method is entirely satisfactory. 

Method of Preparing Mett’s Tubes.—Christiansen gives the following 
technic: The whites of several eggs are strained through gauze or cheese- 
cloth, so that a homogeneous, clear, air-bubble free mixture is obtained. 
This is sucked up in cleaned and dried glass tubes of about 10 inches 
long and 4% mm. internal diameter. These tubes are then introduced into 
a large vessel of water which has been previously boiled and cooled to 
about 85° C. The tubes are allowed to lie in the 85° C. warm water until 
the water is cooled. In order to obtain tubes of uniform digestibility, 
when a subsequent batch is prepared, the tubes are heated at varying 
degrees; i.e., certain tubes are coagulated at 90° C., others at 89°, 88°, 
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etc., down to 80° C., and their digestibility is contrasted with the stand- 
ard tube initially prepared at 85° C. The tubes are sealed with wax or 
paraffin, and may be kept indefinitely until used. They should be cut 
in lengths of about three-quarters of an inch when used. 

Procedure.—Two tubes prepared as above are placed in an Erlen- 
meyer flask of about 25 ¢.c. capacity, in which has been placed 1 c.c. of 
gastric juice (filtered) and 15 c.c. N/20 HCl (= 0.18 per cent. HCl). 
The flask is stoppered and allowed to stand in the incubator for 24 hours 
at 37° ©. The amount of digestion is determined by means of a low 
power microscope and a millimeter scale. Normal human gastric juice 
digests from 2 to 4 mm. of protein on both ends. In cases of gastric 
malignancy, gastroptosis, pernicious anemia, achylia, etc., the digestion 
may be nil. In conditions of gastric ulceration, hyperacidity and reflex 
stomach irritation due to duodenal ulcer, cholelithiasis, etc., the digestion 
may be markedly increased. 

Calculation.—The peptic digestion is expressed as the square of the 
number of millimeters digested (Schutz-Borissow). A gastric juice di- 
gesting three millimeters has an amount of pepsin equal to 9 times that 
of a gastric juice digesting only 1 millimeter of protein.* 

Determination of Tryptic Activity.—It frequently happens that 
there is regurgitation of the duodenal contents into the stomach, so that 
while trypsin is not a gastric enzyme, but one of pancreatic origin, it 
may still be present in the stomach contents. Hawk and his collaborators 
have found trypsin very frequently in the contents of the normal human 
stomach. 

SPENCER’s MetHop.—Spencer’s method is as follows: 

‘‘(a) Prepare five reagent tubes, Nos. 1, 2, 3, 4, and 5; more if de- 
sired. To tubes 1 and 2 add 0.5 ¢c.c. of gastric contents (filter if cloudy). 

‘“(6) To tubes 2, 3, 4, and 5 add 0.5 c.c. of distilled water. 

‘‘(c) From tube 2 remove 0.5 ¢c.c. of its mixed contents and add to 
tube 3. Mix thoroughly and add 0.5 c.c. from tube 3 to tube 4. Repeat 
for tube 5. 

‘We now have dilutions of gastric contents of 1, %, 14, 1% and ez. 

‘“(a) To each tube add one drop of phenolphthalein solution (phenol- 
phthalein 1 gram; alcohol (95 per cent.) 100 ¢.c.); then add drop by 
drop a 2 per cent. sodium bicarbonate solution until a light pink color is 
produced. 

‘“(e) To tubes 1, 2, 3 and 4 add 0.5 ¢e.c. of casein solution. Tube 5 
must receive 1 c.c. of casein solution, since it contains 1 c.c. of the diluted 
gastric contents. For the casein solution, dissolve 0.4 gram of casein 
in 40 e.c. of N/10 NaOH. Add 130 c.c. of distilled water, then 30 c.c. 
N/10 HCl. This leaves the solution alkaline to the extent of 10 ce. of 
N/10 NaOH, minus about 3 ¢.c. neutralized by the casein. 

‘*(f) Incubate for five hours at 40° C. 

‘‘(g) Precipitate the undigested casein by dropwise addition of a 
solution of the following composition: glacial acetic acid 1 c.c., alcohol 


* For other methods of determining repee activity, consult P. B. Hawk, ‘‘ Practi- 
eal Physiological Chemistry,’’ 1916, p. 167. 
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(95 per cent.) 50 c.c., distilled water 50 ¢.c. The tubes in which digestion 
has been complete remain clear; others become turbid. 

‘‘(h) The tryptic values are expressed in terms of dilution. Thus, 
complete digestion in tube 3 (a dilution of 144) shows four times the 
tryptic power of undiluted gastric juice; taking 1 as a standard, its 
tryptic value is 4.’’ 

Detection of Rennin.—Rixce.’s MerHop.—To 10 c.c. of fresh milk 
are added 5 c.c. of neutralized gastric juice, and placed in the incubator 
for 15 minutes. If rennin is present, distinct coagulation will be 
observed. 

Detection of Organic Acid.—In cases of marked stasis of the stomach 
contents, as in gastric carcinoma, gastroptosis, etc., the food undergoes 
a process of fermentation, with the resulting liberation of organic acids 
such as acetic, butyric, lactic, oleic, etc. These are especially present 
in the marked diminution of free hydrochloric acid. To test for these 
acids, the following methods may be used. 

1. DeEteEcTION or Lactic Acip.—(a) Uffelmann’s Reaction.—To 5 ¢.¢. 
of al per cent. solution of phenol add a few drops of a 5 per cent. solu- 
tion of ferric chlorid until an amethyst-blue color develops. To this 
add a few c.c. of the filtered gastric juice. A positive reaction is in- 
dicated if a canary-yellow color develops. It responds to the presence 
of 0.01 per cent. or more of lactic acid. 

(b) Kelling’s Test.—To a test-tube full of water, add a few drops 
of a 10 per cent. solution of ferric chlorid. Divide the contents of the 
tube into two portions. To one portion add a few drops of filtered 
gastric juice. If a distinct canary-yellow color (ferric lactate) is pro- 
duced, lactic acid is present. 

(c) Strauss’ Test.—It is best to extract 5 c.c. of the gastric contents 
with ether in a separatory funnel (thus separating out the lactic acid) 
and then test the ethereal extract according to the method of Kelling. 

(ad) Hopkins’ Test.—To several c.c. of concentrated sulphuric acid 
in a test-tube, add one drop of a concentrated solution of copper sulphate, 
and a few drops of filtered gastric juice. Heat it in a beaker of boiling 
water for two minutes. The tube is now cooled under running water, 
and to it are added a few drops of a dilute alcoholic solution of thio- 
phene, C,H,S, and the tube is replaced in the beaker. If lactic acid is 
present, a cherry-red color develops quite rapidly. For clinical pur- 
poses this test is very cumbersome and more expensive to carry out as 
well as consuming more time, without being much more accurate, than 
the Uffelmann test. 

Certain foods, such as milk, bread and meat, contain a certain amount 
of lactic acid. In performing analyses of the gastric contents this is to 
be kept in mind. The advantages of the various test-meals, as well as 
their disadvantages, have been discussed (see page 3). 

2. DETECTION or Butyric Acim.—Under physiological conditions, 
butyric acid may be present in the gastric contents if the individual has 
partaken of much milk or butter. In infants, it is frequently present in 
the gastric contents. The vomitus of an infant will often have the char- 
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acteristic rancid butter odor. In cases of carcinoma of the stomach with 
marked obstruction, there may be present much butyric acid in the 
stomach contents. 

The characteristic, disagreeable odor of butyric acid is the best test 
for its qualitative detection. It is best, however, to shake out the liquid 
under examination with ether, wash the ether with a little water and 
then add a few crystals of calcium chlorid. The butyric acid will sepa- 
rate out as oily globules, easily detected by the odor. 

To the ethereal extract add a few drops of concentrated sulphuric 
acid and ethyl alcohol, and warm slightly. An odor of pineapples will 
develop if butyric acid is present. 

3. DETECTION oF ACETIC AcID.—Due to the action of fungi, acetic 
acid may be produced in the stomach. It is sometimes mistaken for 
lactic acid. The gastric contents are extracted with ether, and the ethe- 
real residue reéxtracted with water. This watery extract is neutralized 
with sodium carbonate. Add a few drops of dilute ferric chlorid solu- 
tion, and a red color will appear if acetic acid is present. 

Topfer’s Method of Gastric Analysis.—This method is much less 
elaborate than many others, but is sufficiently accurate for ordinary 
clinical purposes. The method embraces the volumetric determination 
of (1) total acidity, (2) free acidity (organic and inorganic), and (3) 
free hydrochloric acid, and the subsequent calculation of (4) combined 
acidity and (5) acidity due to organic acids and acid salts, from the 
data thus obtained. 

GENERAL PROCEDURE.—Feed the Ewald test-meal as directed previ- 
ously. At the end of one hour remove the entire stomach contents and 
analyze as directed below. This method of procedure is less accurate 
than the fractional method. Measure the volume of the gastric contents, 
strain it through cheese-cloth and introduce 10 c.c. of the strained ma- 
terial into each of three small beakers or porcelain dishes. Label the 
vessels A, B and C respectively and proceed with the analysis accord- 
ing to the directions given below. The volume of fluid present in the 
stomach one hour after an Ewald meal varies under normal conditions 
between 50 and 100 ¢.c. In cases of hypersecretion or defective motility 
200-300 c.c. may be found. Very excessive volumes, e.g., 500-3000 cx., 
are indicative of dilatation of the stomach and suggest pyloric stenosis, 
either benign or malignant. 

1. Toray Aciprry.—Add 3 drops of a 1 per cent. alcoholic solution 
of phenolphthalein to the contents of vessel A and titrate with N/10 
sodium hydroxid solution until a faint pink color is produced and per- 
sists for almost two minutes. Take the burette reading and calculate the 
total acidity. 

Calculatton.—The total acidity may be expressed in the following 
ways: 

(a) The number of cubic centimeters of N/10 sodium hydroxid solu- 
tion necessary to neutralize 100 c.c. of gastric juice. 

(6) The weight (in grams) of sodium hydroxid necessary to neu- 
tralize 100 c.c. of gastric juice. 
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(c) The weight (in grams) of hydrochloric acid which the total 
acidity of 100 c.c. of gastric juice represents, 1.e., percentage of hydro- 
chloric acid. 

The forms of expression most frequently employed are a and c, 
preference being given to the former, particularly in clinical work. 

In making the calculation note the number of cubic centimeters of 
N/10 sodium hydroxid required to neutralize 10 c.c. of the gastric juice 
and multiply it by 10 to obtain the number of cubic centimeters neces- 
sary to neutralize 100 e.c. of the fluid. If it is desired to express the 
acidity of 100 ¢.c. of gastric juice in terms of hydrochloric acid by 
weight, multiply the value just obtained by 0.00365. 

2. Free Acipity (Organic and Inorganic).—Add 3 drops of sodium 
alizarin sulphonate solution to the contents of vessel B and titrate with 
N/10 sodium hydroxid solution until a violet color is produced. In 
this titration the red color, which appears after the tinge of yellow due 
to the addition of the indicator has disappeared, must be entirely re- 
placed by a distinct violet color. Take the burette reading and calculate 
the free acidity due to organic and inorganic acids. 

Calculation.—Since the indicator used reacts to both organic and 
inorganic acids, the number of cubic centimeters of N/10 sodium hy- 
droxid used indicates the free acidity of 10 c.c. of gastric juice, 

3. FREE Hyprocuuoric Acip..—Add 4 drops of dimethylamino- 
azobenzene (Topfer’s reagent) solution to the contents of the vessel C 
and titrate with N/10 sodium hydroxid solution until the initial red 
color 1s replaced by orange yellow. Take the burette reading and cal- 
culate the free acidity. 

Calculation.—The indicator used reacts only to free hydrochloric 
acid, hence the number of cubie centimeters of N/10 sodium hydroxid 
used indicates the volume necessary to neutralize the free hydrochloric 
acid of 10 c.c. of gastric juice. To determine the data for 100 c.c. of 
gastric juice proceed according to the directions given under Total 
Acidity. 

4. ComBINEeD AcipITy.—This value may be obtained by subtracting 
the number of cubic centimeters of N/10 sodium hydroxid used in neu- 
tralizing the contents of vessel B from the number of cubic centimeters 
of N/10 sodium hydroxid used in neutralizing A. The data for 100 c.c. 
of gastric juice may be calculated according to directions given under 
Total Acidity. 

5. Acipiry DuE To Organic Acips AND Acip Sauts.—This volume 
may be conveniently calculated by subtracting the number of cubic centi- 
meters of N/10 sodium hydroxid used in neutralizing the contents of 
vessel C from the number of c.c. of N/10 sodium hydroxid solution used 
in neutralizing the contents of vessel B. The remainder indicates the 
number of c.c. of N/10 sodium hydroxid solution necessary to neutralize 
the acidity due to organic acids and acid salts present in 10 c.c. of gastric 
juice. The data for 100%q¢. of gastric juice may be calculated according 
to directions given under Total Acidity. 

According to Seidl, the gastric contents obtained after a test-break- 
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fast possess, as a rule, a higher degree of acidity than the filtrate. 
The higher acidity degree is caused by a mechanical combination of 
the acid with the starchy material. Gastric mucus has the property of 
binding much alkali. For this reason acidimetry in the presence of 
considerable admixture of mucus with the gastric contents should be 
performed with the filtrate only. 

On the other hand, Weinberg states that titration of the unfiltered 
gastric juice gives more reliable results than titration of the filtered 
specimen. If possible, titration of both filtered and unfiltered gastric 
contents should be made in order to obtain data concerning the dis- 
tribution of the acid contents (Hawk). 

Glutzinski’s Method for Gastric Acidity.—Smithies states that in 
gastric cancer or in cases where a peptic ulcer is suspected of being 
carcinomatous, the Glutzinski method is particularly instructive. The 
method of procedure is as follows: The contents of the fasting stomach 
are siphoned out in the morning and the findings recorded as to amount, 
color, odor, relics of food, blood, ete., litmus reaction, free acid with 
Congo paper and free acid with phloroglucin vanillin; lactic acid with 
Strauss or Uffelmann tests, and occult blood with the guaiac, turpentine 
or benzidin tests. The amount of free acid and total acid is determined 
by titration. The microscopical findings are also recorded. Then the 
stomach is washed out clean with tepid water and Ewald-Boas test- 
breakfast is given. Forty-five minutes later the stomach contents are 
siphoned out again and the stomach thoroughly rinsed out anew. The 
test-dinner is then given: about 100 grams of chopped roast veal or boiled 
beef; 150 grams potato cooked with 20 grams fat and no fluid. The 
stomach contents are siphoned out anew after 2 hours. All this is done 
on one day. The findings of larger amounts of hydrochloric acid after 
the test-dinner speak for ulcer; smaller proportions for cancer. The 
insufficiency of the stomach mucosa is revealed by the lack of acid 
after the test-dinner, even when some acid is found after the test- 
breakfast. Fonis regards such findings as absolutely conclusive in doubt- 
ful cases. He tabulates the findings in 26 ulcer cases and comments on 
the value of the information thus derived. In four cases the findings 
proved dubious and the course of the cases showed that the ulcer at 
the time must have been just starting malignant degeneration. The 
procedure, says Smithies, is one of much promise, and should be tried 
in doubtful cases as a matter of routine. Negative information should 
never, however, postpone laparotomy where the clinical history is sug- 
gestive. 

Rusca does not believe in the reliability of the Glutzinski test. Ac- 
cording to him there are too many factors that play an important part 
in determining the amount of free hydrochloric acid. Kuttner also 
could not substantiate Glutzinski’s claims. Nevertheless, Nicolayessen, 
of Christiania, reported before the International Congress of Surgeons, 
New York, 1914, that he and his collaborators have obtained good results 
with this method. 

According to Zoeppritz, who employed Glutzinski’s method in 462 
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cases, 80-called relative secretory insufficiency occurs comparatively often 
in the presence of gastric carcinoma, but may also be observed in other 
affections of the stomach and even when the stomach is healthy. The 
method is useless in the differential diagnosis between stenotic and non- 
stenotic carcinoma and between carcinoma and ulcer, and in the early 
diagnosis of malignant disease (Zoeppritz). 

Volume of Gastric Secretion.—In order to determine whether the pa- 
tient is suffering from hypersecretion, it is necessary to determine the 
quantity of gastric contents before and after a test-meal. If the volume 
is the same as the volume taken in, with the test-meal, it is indicative 
of motor insufficiency. In normal subjects, it is possible to withdraw 
only a portion of the ingested volume taken in the test-meal, the rest 
having passed into the duodenum. 

It has been observed by London and Polowzowa, and by London and 
Sagelmann, that all foodstuffs do not leave the stomach with the same 
rapidity. They demonstrated that carbohydrates leave more quickly 
than proteins, and proteins leave more quickly than fats. This so-called 
‘*selective capacity’’ of the stomach for certain foodstuffs has been dis- 
puted by Scheunert and by Grinnerer, but the investigations of Cannon 
have demonstrated that there is such a ‘‘selective capacity.’’ Cannon 
explains the reason why different foodstuffs leave the stomach with un- 
equal rapidity, as due to the chemoreflex action of the hydrochloric acid 
upon the pyloric sphincter. The proteins combine with hydrochloric 
acid and hence its action upon the sphincter becomes weaker, while this 
is not the case with the carbohydrates. According to him, if the car- 
bohydrates are moistened with alkali they leave the stomach more slowly 
than usual and the acid proteins, on the contrary, leave the stomach 
earlier than other proteins. 

It has been found by Boldyreff that after administration of fat to a 
patient, there is a marked regurgitation of bile, duodenal and pancreatic 
secretions into the stomach, so that gastric digestion in these cases is 
essentially brought about by pancreatic juice. The experiments of Bab- 
kin, Boldyreff and others have demonstrated that the acid concentration 
of freshly secreted gastric juice of man is similar to that of the dog, that 
is, 0.4 to 0.5 per cent., and that this initial high acid content is reduced 
by means of the regurgitated alkaline fluids of the duodenum. This 
claim was corroborated by the experiments of Migai and Zaitzeff in Rus- 
sia, and by Hawk and his collaborators in America. 

METHOD OF MATHIEU-REMOND.—The patient receives a definite volume 
of water, which is thoroughly mixed with the gastric contents by .means 
of massage, only blowing air into the stomach through a tube. The 
acidity of the gastric contents is determined before and after the addi- 
tion of the water. From the amount of dilution which the residue 
undergoes is determined the volume of the gastric contents. 


Let x = volume of the residuum (before the intake of the 
water). 


q = volume of water added. 
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v = volume of gastric contents removed before the ad- 
ministration of the water. 


a= acidity of the gastric contents removed before 
dilution. 


a’ = acidity of diluted residuum. 


“ax = a’q + a’x, 








: a’ 
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: a’ 

xm v+ a 
a—a 


METHOD oF Strauss.—A portion of the gastric contents is removed, 
and the volume and specific gravity are estimated. A measured volume 
of water is then introduced into the stomach, and is allowed to mix in- 
timately with the gastric contents. The entire gastric contents are 
now removed and the specific gravity of the diluted gastric contents is 
determined. 


x = volume of gastric residuum before the water intake. 
S = specific gravity of undiluted contents. 

S’ = specific gravity of diluted contents. 

V =volume of diluted contents removed. 

a = volume of water taken in. 


— VS + (a—V) S’—a 
i S—S’ 


METHOD OF ELSNER.—The Mathieu-Remond formula having been de- 
termined, the stomach is thoroughly washed out until the gastric wash- 
ings come out clear. These washings are collected in graduated cylin- 
ders and allowed to stand 24 hours. The sediment is now read off. 
Normally this volume should be between 30 and 100 c.c. A volume above 
100 ¢.c. speaks for motor insufficiency. Prym has absolutely denied the 
value of these tests, but Mathieu energetically opposes the views of 
Prym. 

METHOD oF HAYEM AND WINTER.—This method determines the change 
in concentration of the gastric juice by estimating the quantity of dis- 
solved solids in one cubic centimeter of the juice. A measured volume 
of juice is evaporated to dryness in a weighed vessel, and the dry resi- 
due thus determined. Winter suggests that the patient receive the 
Ewald test-breakfast together with 10 grams sugar. At the beginning 
of digestion fhe concentration is 0.10; after 1 hour with the Ewald 
meal it is 0.06. When the stomach is nearly empty the concentration 
is 0.01. In this way it is possible to determine at which period of the 
digestion the specimen was removed. 
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Rehfuss Method of Fractional Analysis of Gastric Secretion.—As 
Rehfuss, to whom we are greatly indebted for the following data, says, 
in the literature the idea of making a fractional examination of gastric 
digestion is by no means new. Perhaps to Hayem belongs the credit 
of studying most carefully the secretory output in various conditions, 
but his method was crude and his curves show the irregular intervals 
necessitated by such an examination. Practically all examinations 
which were conducted on the gastric secretion in the human sub- 
ject used the method by which the subject received a definite test- 
meal which was emptied in ten minutes on one day, on the following 
day in twenty minutes, on the third day after thirty minutes, and so 
on, until the entire cycle of gastric digestion was completed. Many 
authors have investigated the gastric secretion at various periods. Ewald 
and Boas, then Reichmann, von Jaksch and Kornemann, in 1885, pub- 
lished a most comprehensive series of observations on the digestion of 
milk in a healthy young man of 20. After habituating his subject to 
the passage of the tube, he commenced his series, removing the milk 
on successive days after increasing time intervals. 

Von Jaksch records a series of tables indicating the effect of milk, 
tea, carbohydrates and meat in children. These were administered and 
removed at various intervals by means of the sound. His observations 
are of interest and he shows that the position of the high point differs 
according to the diet ingested. He makes the statement, however, that 
after the administration of weak tea and saccharin, free HCl is de- 
tected in 78 per cent. of the cases in three-quarters of an hour, but 
after feeding milk or meat, he could detect its presence in the first 
quarter of an hour. 

Schule’s observations are quite complete, but unfortunately restricted 
to four individuals, although they were repeated, and different articles 
of diet were investigated. After tea and toast, for instance, while the 
majority of high points were encountered at sixty minutes, several were 
found at forty-five and seventy-five minutes, respectively. 

Kornemann gives fifty minutes as the point at which the free HCl 
reaches its height after the administration of a test-breakfast. With 
35 grams of roll and 250 grams of tea, he finds the stomach empty in 
two and one-half hours. 

Ehrenreich, perhaps, published the first satisfactory results of a 
complete examination of the gastric cycle and utilized for that purpose 
a Nelaton catheter. He showed that examinations at quarter-hour inter- 
vals demonstrated that the pepsin concentration rapidly reached its 
maximum (after twenty to thirty minutes) and then had a tendency 
to remain constant, while the acid concentration reached its maximum 
only after seventy minutes. Gregerson criticizes the method, inasmuch 
as apparently a great deal of saliva and mucus is formed by Ehren- 
reich’s method. Some twenty-two cases were enumerated by Ehrenreich, 
insufficient to draw any interpretation of the interesting findings which 
he recorded (Rehfuss). 

Gregerson’s cases, while few in number, are interesting and instruc- 
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tive, but the method, as were other methods enumerated above, is en- 
tirely impractical. 

In 1914, Rehfuss described his method of studying gastric secretion. 
He devised a tube by which it is possible to follow the entire cycle of 
gastric digestion with practically no discomfort and by which it is 
possible at any given moment to draw off any quantity desired of the 
juice to perform the necessary chemical examinations. The following is 
the procedure as described by Professor Hawk, in whose laboratory Reh- 
fuss carried out his investigations: 

REMOVAL OF REsIpuUM.—If the so-called ‘‘empty’’ stomach is exam- 
ined in the morning before any food or drink has been taken, it will 
be found to contain considerable material. This is termed residuum. 
Before a test-meal is introduced into the stomach, this organ should 
be emptied. If this is not done we cannot consider the samples with- 
drawn after the test-meal is eaten as representing the secretory activity 
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Fig. 1.—REHFUSS STOMACH TUBE. 


of the gastric cells under the influence of the stimulation of the test- 
meal. It has been generally recognized, clinically, that a residuum 
above 50 ¢.c. is pathological. Such a volume has been considered as 
indicative of hypersecretion, and this in turn in many eases indicates 
an organic lesion. The observations indicating that a residuum of 
over 10 c.c. was pathological, were made upon residuums removed by 
means of the old type of stomach tube, which does not completely empty 
the stomach. When the residuum is completely removed by means of 
the Rehfuss tube it has been demonstrated that the normal residuum 
is practically always over 20 c.c. and that the average is about 50 c.c. 
The normal residuum has been found to possess all the qualities of a 
physiologically active gastric juice with an average total acidity of 
30 and an average free acidity of 18.5. The residuum is often colored 
by bile. This is particularly true if the fluid has a relatively high 
acidity. Trypsin is also generally present. These findings indicate re- 
gurgitation. A residuum of large volume possessing a total acidity value 
of 70 or over may indicate ulcer. 

THe Trst-MraL.—Before making an analysis of the stomach con- 
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tents it is customary to introduce something into the stomach which 
will stimulate the gastric cells. The response to this stimulation is then 
measured clinically by the determination of total acidity, free acidity 
and pepsin in the stomach contents. Many forms of test-meal have 
been used. 

The test-meal most widely employed is the Ewald test-meal. This 
consists of 2 pieces (35 grams) of toast and 8 ounces (250 ¢c.c.) of water. 
Inasmuch as it was demonstrated by Rehfuss that water gave a similar 
gastric stimulation to that produced by the Ewald meal, he suggested 
that a simple water-meal might be substituted for the Ewald meal. 
This water-meal also has the added advantage of enabling one to de- 
termine the presence of food rests and to test more accurately for lactic 
acid, blood and bile. 

THE RETENTION-MEAL.—In order to obtain more information re- 
garding gastric motility than is furnished by the ordinary test-meal 
described above, the patient may be fed a so-called retention-meal. This 
meal is fed in place of the regular evening meal and contains substances 
readily detected. In the morning before breakfast (7-8 a. mM.) remove 
the stomach contents (residuum) by aspiration and examine for food 
rests. The normal stomach should give no evidences of food retention. 
A satisfactory retention-meal consists of 4 ounces each of boiled string 
beans and rice. Diets containing prunes, raspberry marmalade, lyco- 
podium powder, etc., have also been employed. In many instances an 
ordinary mixed diet will serve the purpose (Hawk). 

REMOVAL OF SAMPLES FOR ANALYsSIS.—At intervals of exactly 15 min- 
utes from the time the test-meal is eaten until the stomach is empty 
5-6 ¢.c. samples of gastric contents are withdrawn from the stomach by 
means of aspiration. 

In removal of samples from the stomach, it is essential that very 
little traction be employed. To empty the stomach completely, aspira- 
tion is practiced in four positions: (a) on the back; (b) on the stomach; 
(c) on right side; (d) on left side. This results in complete evacua- 
tion of the stomach. Three tests may be employed to determine whether 
the stomach is empty: (1) No more material can be aspirated in any 
position; (2) injection of air and auscultation over the stomach with a 
stethoscope reveals a sticky rale and not a series of gurgling rales such 
as are heard when there is material in the stomach; (3) lavage or 
irrigation through the tube which shows the absence of all food in the 
stomach. 

PLOTTING OF CURVES.—The results of these examinations are plotted, 
the abscissa being the time, in minutes, at which the gastric contents 
were removed and the ordinate being the number of c.c. decinormal 
sodium hydroxid solution necessary to titrate the free acidity and the 
total acidity of the gastric contents. 

The normal curves that may be obtained are of three types, accord- 
ing to Rehfuss and his co-workers: (1) The ‘‘isosecretory’’ type shows 
a steady rise, high point, in terms of tenth normal sodium hydroxid, 
40 for free acid and 60 for total acid, usually sustained for from half 
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an hour to an hour, and then a gradual decline with total disappearance 
of the food residues in from two to two and a half hours (Fig. 2). 

(2) ‘‘The hypersecretory type shows a rapid response to stimuli, 
often a marked change in the acidity even of the five-minute samples, 
rapid increase in acidity, high point from 70 to 100 or over, either sus- 
tained or abrupt, and a slow decline or none at all in the usual time. 
The food left the stomach in normal time from two to two and one-half 
hours, but even after the passage of all food material, there was often 
encountered an outpouring of pure gastric juice for half an hour, one 
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Fig. 2.—ISOSECRETORY CURVE. 


hour or even several hours. This finding, which was obtained in many 
cases, is 80 pronounced and distinct that they call it continued digesiwe 
secretion in contradistinction to hypersecretion because it occurs in nor- 
mal symptomless persons, This type they call the hypersecretory type 
because of the general tendency of the acidity to assume exaggerated 
proportions’’ (Rehfuss, Bergeim and Hawk). 

(3) The hyposecretory type shows a slower ascent than the isose- 
eretory curve, a slower response to stimuli, and a high point from 40 to 
50. This type is rarely met with. 

ConcLusions oF UsuaL Test-MreaL ANALYSIS.—It is in the change 
of function due to gastric disease that this curve is of such great diag- 
nostic aid. From this curve we can obtain information which a single 
analysis after one hour following an Ewald test-meal could never yield. 
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The author cannot do better than quote the conclusions of Rehfuss as 
to the limitations of the usual test-meal analysis: 

1. It is impossible to interpret the figures obtained by the examina- 
tion of the test-meal removed in one hour by the usual technic. 

2. The one-hour period represents but one phase in the constantly 
changing cycle of gastric digestion. While it is true that in a certain 
proportion of normal cases the high point is to be found at the one-hour 
interval, this is by no means always the case, and pathologically every 
deviation from this type may be encountered. 

3. It is impossible to judge what has preceded or what will follow this 
point, data absolutely necessary to a complete understanding of the case. 

4. Delayed digestion, many forms of hyperacidity, hypersecretion, 
symptoms of early catarrh, occult bleeding, are in many cases entirely 
overlooked by the customary examination. 

5. So-called normal figures at the one-hour point cannot be inter- 
preted in the light of a simple isolated phase examination. They may 
mean (@) a perfectly normal curve; (b) they may be followed by a 
marked hyperacidity, hypersecretion and motility disturbances at a later 
period; (c) they may be only one point in a continued high acidity and 
hypersecretion such as is encountered in obstructive cases; (d) they may 
show a form of larval hyperacidity. 

6. Hyperacid figures may be part of an abrupt rise and equally 
rapid fall, or they may be part of a sustained persistent hyperacidity 
accompanied by marked hypersecretion and evidences of beginning or 
pronounced motor disturbances, factors impossible to demonstrate by 
the ordinary examination. 

7. Subacid figures may be part of a general subacid curve, or they 
may mean a simple delay in digestion with its complete evolution at a 
later period. Finally, by no means rare, subacid figures at the one-hour 
point may be followed by hyperacid figures at a later stage in digestion. 

8. The ordinary method can give us evidence of nothing but the 
crudest anomalies in motor function. The fractional method enables 
us to determine precisely the end point of gastric digestion. 

9. In the studies of the complete gastric cycle, every form of secre- 
tory and motor disturbance has been found. A symptom like the actual 
motor secretory disturbance by no means respects the hour period and 
may be found depending on the nature of the case at any point in the 
gastric cycle. 

In a paper on ‘‘The Impossibility of Interpreting the Findings Ob- 
tained by the Customary Examination of the Test-Meal,’’ Rehfuss makes 
elear the following points: 

1. This point records but one phase in the ever changing cycle of 
gastric digestion. 

2. <A large number of observations have shown that this point is 
by no means the high point or the representative one. 

3. Many changes may precede or follow this point. 

4. Many forms of hyperacidity, hypersecretion and occult bleeding 
are entirely overlooked in this way. 
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5. Delay in digestion may mean that figures at the one-hour point 
may be doubled at the second hour. 

6. No idea of evacuation or the motor function of the stomach 
can be obtained by this method. 

7. Entirely erroneous conclusions may be drawn. 


c. ¢. N/10 NaOR 
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Fig. 3.—FALLACIES OF THE EwaLp TrEst-MEAL. 
The possibilities of the gastric curve with a normal acidity at the one-hour 
period: (1) Normal curve; (2) hyperacidity; (3) persistent hyperacidity; (4) 
larval hyperacidity; (5) continued hypersecretion; (6) prolonged digestion. 


CONCLUSIONS FROM REHFUSS FRACTIONAL METHOD.—The curves that 
may be obtained by the Rehfuss fractional method in gastric ulcer, duo- 
denal ulcer and in gastric cancer are rather typical. 

In eases of gastric ulcer the ascent of the curve is rapid, and ma,’ 
reach its maximum before the hour or a little after. The high point in 
the free acidity may be between 60 and 70 and the total acidity between 
100 and 110. There is then a gradual or sudden decline as the stomach 
empties itself. Blood may, of course, be found in the fractions removed. 
Two typical analyses of the secretion in cases of gastric ulceration, con- 


firmed by operation, are given in Table 1. 
VOL. IT.—2 
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Fig. 4.—CurvEs IN A Case OF Gastric ULcEer. (Table 1, Miss W.) 
Upper curve: total acid; lower curve: free acid. 


TaBLE 1. CURVES IN CASES OF Gastric ULCER. 











Miss W. Mr. M. 
Time 
Free Acid Total Acid Free Acid Total Acid 
15 38 74 28 46 
30 54 90 50 60 
45 60 100 52 80 
60 64 112 54 84 
75 42 90 64 90 
90 32 88 65 95 
105 32 75 40 70 
120 28 60 24 44 
135 20 62 20 36 
150 10 40 empty empty 


a a a TY a 


GASTRO-INTESTINAL FUNCTION TESTS 19 





MIN, O 15 : 90 105 120 135 
Fie. 5.—CuURVES IN A cia OF Soca Uxuocrer. (Table 2, Mrs. Pe 


TABLE 2. CURVES IN CASES OF DUODENAL ULCER. 





Mrs. B. Mrs. F. 
Time 
Free Acid Total Acid Free Acid Total Acid 
15 6 40 0 20 
30 14 54 12 32 
45 18 60 32 46 
60 28 80 38 56 
75 40 90 42 68 
90 54 84 48 82 
105 66 100 56 80 
120 82 102 80 98 
135 96 110 96 112 
150 98 118 98 116 
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In duodenal ulcers the ascent of the curve is gradual. The height 
of the curve seems to be reached when the stomach is emptying itself, 
and the reflex irritation of the food passing over the diseased duodenum, 
stimulates the secretion of the gastric juice. Table 2 shows the result 
of the analyses by the fractional method of two cases of duodenal ulcer, 
confirmed by operation. 


c.c. N/10 NaOH 
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Fic. 6.—CURVES IN A CASE oF PyLoric Cancer. (Table 3, Mrs. C.) 


It will be seen from these analyses how inefficient the ordinary one- 
hour examination would have been. The report would have come— 
‘*Total acid 56 and free acid 38’’ (Mrs. F.), and the conclusion would 
have been reached that this was a case of hypo-acidity, and one would 
begin to suspect stasis, malignancy, etc. In reality, as one sees from 
the fractional method, this is a case of hyperacidity, pointing toward 
a duodenal ulcer. 
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In gastric carcinoma with obstruction, the curve usually present is, 
in the author’s experience, the following. (Table 3, Fig. 6.) The free 
acid is either entirely absent, or rises to a point between 10 and 15 after 
one hour. The total acidity may, on the other hand, be normal or even 
above normal. The following analysis of gastric carcinoma, with ob- 
struction, confirmed by operation, is rather typical. Blood and lactic 
acid were very heavy. 


TABLE 3. CURVES IN PyLoric CANCER. Mars. C. (Fia. 6.) 


Time Free Acid Total Acid 
15 0 90 
30 0 102 
45 0 115 
60 0 126 
75 0 120 
90 5 130 

105 10 100 
120 5 90 
135 0 84 
150 0 70 


In the author’s opinion, analyses of the gastric secretion by the 
Rehfuss fractional method yield results of great significance and of dis- 
tinct aid in the diagnosis of diseases of the stomach and duodenum. 

Reflex irritation due to gall-stones, appendicitis, etc. may influence 
the gastric curve markedly and give results stimulating ulcer. This must 
always be borne in mind. 

In carcinoma of the fundus of the stomach (with no obstruction at the 
pylorus), both the total and free acid is markedly subnormal (Fig. 7). 

The Gastric Residuum.—Harmar and Dodd have shown, by means 
of the roentgen rays, that the complete removal of the gastric residuum 
with the aid of the usual stomach-tube, is by no means certain. This 
finding has been further confirmed by Rehfuss, Bergeim and Hawk, who 
have succeeded in removing from the normal fasting stomach quantities 
of residuum greatly in excess of that obtainable by the old method. 
Loeper, Zweig, Kemp, Wolff, Strauss, Riegal and Soupalt * assert that 
the quantity of residuum in the normal fasting stomach should not 
exceed 20 c.c., and that there should be no microscopic food residues. 
Rosin and Schreiber * declare that the quantity of residuum is not of 
much importance, as a pathological factor. In thirteen samples of normal 
residues obtained by Rehfuss, Bergeim and Hawk, none were found to 
be so small in volume as the 20 c.c. suggested by Loeper and others, 
while five were very near the 60 ¢.c. limit suggested by Rosin and Schrei- 
ber, and four were greatly in excess of this figure. Ocettinger says 
that when the amount of residuum exceeds 150 c.c., food débris or reten- 
tion is almost constantly observed, and that a diagnosis of stenosis can 


* Cited by Loeper. 
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be made unhesitatingly. However, Rehfuss, Bergeim and Hawk had 
one case of 180 c.c. of residuum, and another of 120 c.c.; yet in neither 
were any microscopic food residues found. This absence of microscopic 
food residues was true of all the cases examined, although in a few 
cases fat globules and vegetable fibers were found microscopically. 

In regard to the cause of the residuum, it has been suggested by 
Loeper that there is an increased molecular concentration of the re- 
siduum, and that this favors pylorospasm and a consequent retention of 
material. The presence of bile in a number of the residua of Rehfuss, 
Bergeim and Hawk, and the absence of pylorospasm, would not tend 
to favor this theory. On the contrary, if the closure of the pylorus is 
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Fie. 7.—CurVES IN A CASE OF CARDIAC CANCER. 


due to an acid reflex on the mucous membrane of the duodenum it is 
more probable that, in the absence of acid, the pylorus is in a relaxed 
condition. Sokolow showed that saliva, bile and pancreatic juice were all 
capable of causing gastric secretion. Grobbel maintains that saliva is 
always expelled from the stomach at the close of the meal. 

Oettinger suggested that although the bile reaction of the residuum 
might be negative, still there would be, in some cases, a distinct yellow- 
ish, or greenish-yellow color. This fact has been further substantiated 
by the work of Rehfuss, Bergeim and Hawk, and by the present con- 
tribution. Sartory showed the presence of a yeast in the gastric 
residuum, to which the color was due. He designated it as Cryptococcus 
salmoneus. Fowler, Rehfuss and Hawk have shown, however, that not 
in all cases is the color due to yeast, as many times a strong bile reac- 
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tion was demonstrable. Oecttinger suggests that, as the acidity of the 
residuum becomes stronger, it becomes the richer in yeasts, and the 
poorer in microbes, 

Loeper has suggested the use of the volumes of residua in relation 
to the diagnosis of ulcer. However, as has been shown by Rehfuss, 
Bergeim and Hawk, this is open to great error, and its value is very 
questionable. Recently Meunier found that the freezing-point lowering 
(eryoscopic index) of the stomach contents was 0.85° C. He suggested 
the use of this fact in the administration of medicaments. He demon- 
strated that when medicaments were given at the concentration having 
the same freezing point lowering, they passed through the stomach with 
maximum rapidity. He concludes that if medicines are given in solu- 
tions capable of lowering the freezing-point 0.35° C., the least gastric 
disturbance will result. 

Fowler, Rehfuss and Hawk draw the following conclusions from their 
study of gastric residua: 

1. They have been able to confirm the finding of their previous 
investigation, that ‘‘the accepted limit of the norma] residuum of the 
empty stomach as 20 ¢.c. is false.’’ The average volume of the residuum, 
in over 100 normal cases, in the present investigation, was 52 ¢c.c. This 
finding throws considerable question on the value of an increased resid- 
uum in the diagnosis of ulcer. 

2. The residuum found by them in every case had all the qualities 
of a physiologically active secretion. They believe that the gastric glands 
are never inactive, and cite experiments to demonstrate that, even in 
the absence of normal stimuli (food, psychic, etc.), these secretions 
appear. 

3. There is a definite relationship between the character of the 
residuum, and the character of the gastric secretory response to a stim- 
ulus, as a test-meal, for instance. 

4. From the standpoint of osmotic pressure, there is a constant 
tendency toward the formation of a secretion in the stomach. 

5. Both colorless and bile-colored residua may be found, and the 
two may occur in the same individual. 

6. The colored residuums appear more frequently in higher activi- 
ties, and vice versa, a fact which is explained by the greater frequency 
of regurgitation in the former condition. This regurgitation has for 
its purpose the partial neutralization of the high acid stomach contents. 

7. Total and free acidity vary directly with each other. It is 
pointed out that free acidity was rarely encountered until the total 
acidity exceeded 10. The averages in this series of studies were 29.9, 
total acidity, and 18.5, free acidity. The value of acid figures over 70, 
with an increased quantity of residuum, is emphasized as of diagnostic 
value. 

8. There is a definite relationship between the quantity of pepsin, 
and the total acidity for low acid values. As high acid values are 
approached, this relationship disappears. 

9. Trypsin was found almost constantly in the residuum. It is 
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shown to be inversely proportional to the free acidity. This is ex- 
plained by the more complete closure of the pylorus in high acid con- 
ditions, in conjunction with the destructive action of acid on trypsin. 

10. The average cryoscopic index of —0.470, as compared to an 
index of the blood equivalent to —0.560, gives evidence of a tendency 
for osmosis of material to take place from the blood into the lumen 
of the stomach. 

11. High acidities are shown, by a comparison of the cryoscopic 
index and specific gravity data, to be accompanied by a throwing out 
of solution of certain molecules, the character of which is unknown 
at the present time. 

12. The residuum is one of the lightest fluids of the body, having 
an average specific gravity of 1.0056. This point is not without sig- 
nificance. 

Fowler and Zentmire obtained the following data: 

Eighty-one samples of residua were collected from sixty different 
subjects; twenty-one of the subjects submitted to the passage of the 
tube twice. 

Averages on the compilation of the normal gastric residuum: 

1. The average quantity removed in eighty-one cases was 49.44 @.c¢., 
the largest quantity being 135 c.c., and the smallest 12 c.c. 

2. In sixty-nine cases noted, the residuum was in twenty-two cases 
(32 per cent.) colorless, and in forty-seven cases (68.1 per cent.) yellow 
or green. 

3. The total acidity recorded in eighty-one instances averaged 30.3 
in terms of tenth-normal sodium hydroxid, with the highest figure at 
86.0 and the lowest at 4.0. 

4, The free acid (seventy-nine cases) averaged 15.6, with figures 
ranging from 74.5 to 0. 

5. The pepsin concentration as measured by the Mette method was 
determined in seventy-nine cases, and gave an average of (3.3), highest 
(6.7), and lowest (0.0). 

6. Trypsin was tested for in sixty-three cases, with an average of 
5.2 units; ten cases gave 16 units, and fifteen, no reaction. Thus in 
23.8 per cent. of the cases there was no evidence of trypsin. 

7. Microscopical examination revealed on no occasion gross food 
residues. On several occasions vegetable débris was found, but never 
meat fibers. Leukocytes, in considerable number, were found almost 
constantly, and occasionally swallowed material from the throat with 
bacteria. 

The gastric curve produced by three cases of pernicious anemia 
(Kahn and Barsky) strikingly resembles the curve of carcinoma of 
the stomach. The free acid was absent and the total acid varied between 
15 and 45. No blood was present; a trace of lactic acid was found in 
one case; pepsin was absent. The gastric mucosa appears to be altogether 
non-functionating, due to the complete atrophy that is doubtless present 
of the mucous membrane. The patients were complaining of gastric 
distress, belching and anorexia, and they stated that they felt better 
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when a solution of hydrochloric acid and pepsin was administered to 
them. 

Method for the Simultaneous Fractional Analyses of Gastric and 
Duodenal Contents (Kahn).—It is possible to study simultaneously the 
duodenal and gastric secretions by the following method: An Einhorn 
tube is passed into the duodenum of the patient, using the technic of 
Einhorn. Next morning a Rehfuss tube is inserted into the stomach of 
the patient. The patient is then given an Ewald test-meal, and the gas- 
tric and duodenal contents removed simultaneously at varying intervals 
of time. The extractions are usually made every fifteen minutes for a 
period of two and a half or three hours. The gastric contents are ana- 
lyzed for the acid secretions and the enzymes. The duodenal contents 
are analyzed for the various enzymes. The results are charted in the 
form of a curve. 

A gastro-duodenal tube has been devised which obviates the necessity 
of passing two tubes. This tube is composed of two compartments— 
one ending ten inches above the duodenal opening. The tube bifurcates 
at its free end, and the openings are distinctly labeled G and D to indi- 
cate the opening leading to the stomach and to the duodenum. 

Gastro-albumorrhea Test.—1. Santomon Trst.—On the assumption 
that malignant disease of the stomach is accompanied by degeneration 
processes which liberate débris and protein matter into the stomach 
cavity, Salomon recommended a test, which he thought was diagnostic 
of cancer of the stomach. This theoretical assumption is in accordance 
with our knowledge of cancer in general, and the results reported by 
various observers would seem to bear out the theory. It must be re- 
marked, however, that such diseases as gastric ulcer would also cause 
a gastro-albumorrhea, as has been demonstrated by several opponents of 
Salomon’s Test. 

Salomon’s method for testing the stomach contents for the albumin 
fraction is as follows: The stomach is first carefully washed on the 
evening before testing, after a preliminary non-albuminous fluid diet 
has been administered for twenty-four hours. On the next morning the 
stomach is thoroughly washed with normal saline solution (400 c.c.), 
the same fluid being repeatedly used and then tested for the quantity 
of nitrogen by the Kjeldahl method, and for the quantity of albumin 
by the Esbach method. 

Salomon found the nitrogen content in non-carcinomatous cases to 
be between 0 and 16 milligrams per 100 e.c. of fluid. His study of 
six cases of cancer of the stomach revealed between 10 and 70 milli- 
grams of nitrogen per c.c., and the albumin content was between 0.06 
and 0.5 parts per thousand. According to Salomon, a case is extremely 
suspicious of carcinoma if the nitrogen content is more than 20 milli- 
grams per 100 c.c. of the fluid, or if the Esbach test gives a distinct 
precipitate. 

Siegel concurred with Salomon’s opinion, concluding from his own 
results that a figure over 25 milligrams of nitrogen per 100 c.c. is sus- 
picious of gastric cancer. Orlowski, Schittenhelm and Lowes, Zirkelbach, 
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Witte and Schupfer, are convinced that the Salomon test is of value. 
Gerster regards this test as useful in cancer of the lesser curvature 
without stenosis, unless the cancer has formed on an old ulcer, in which 
ease the little hydrochloric acid present would digest the albumin pres- 
ent. Zirkelbach, however, is of the opinion that the minimum nitrogen 
content suggestive of cancer is 30 milligrams nitrogen per 100 ce. of 
the washing fluid. Berent and Guttmann, Romano, Minkowski and 
Yague have reported very unfavorable results with this test. 

2. Wo.uFrr-JUNGHANS METHOD.—This method is well described by 
Smithies, and we shall quote from him: In the normal aspirated test- 
meal there are demonstrable relatively large quantities of soluble al- 
bumin, by means of precipitating reagents. This soluble albumin ap- 
pears only through the agency of the gastric enzymes. This fact is 
proved by testing for soluble albumin, a similar test-meal which had 
been chymified, but not swallowed. In such event, only minute quan- 
tities of dissolved albumin are present. 

Acting on these observed facts, Wolff and Junghans fed similar 
meals to sets of individuals, revealing malignant and benign achylias. 
Their work appeared to show that in the malignant achylias aspirated 
test-meals were rich in soluble albumin, while in benign achylias very 
little of the albumin could be demonstrated. 

Three suppositions have been advanced to explain this increased 
volume of dissolved albumin in the malignant achylias. It has been 
suggested that the excess of albumin is due (a) to interference with 
albuminous absorption; (0) to a ‘‘cancer milk’’ rich in albumin, which 
exudes from malignant growths, and (c) to a specific, peptid-splitting 
ferment from the neoplasm, capable of carrying protein digestion as 
far as the completely soluble stage. 

Clinieally, the reaction was shown to be positive in 18 of a series 
of 20 gastric cancers, and negative in 14 of a series of 15 cases of 
simple achylia in Ewald’s service. Recently Ralph reported positive 
tests in all of 7 cases where cancer was present in the stomach, or 
secondarily involved that viscus. In 8 cases of benign achylia the test 
proved negative. Ralph states that gastric contents contaminated with 
blood beyond a dilution of 1 to 3000 may give the reaction and cautions 
against positive interpretation in instances where there is high com- 
bined acid present.’ In such event, peptone is usually present. He 
claims that cancer of the cardia is not so likely to give a positive reaction 
as 1s cancer In other parts of the stomach. 

(a) Technic of Smithtes—Smithies used the following technic: 

Preparation for Test.—The day previous to the examination of his 
gastric extract the patient was given one ounce of castor oil at 4 P. M. 
This was followed at 6 P. M. by a motor test-meal consisting of mixed 
food. At 7 Pp. M. twenty raw, seedless raisins were given. Twelve hours 
later (7 A. M. the following morning) the patient was fed 60 grams of 
second-day bread and 200 c.c. of water. This secretory test-meal was 
removed from 50 to 60 minutes after administering. The specimen 
secured was thoroughly mixed, filtered through double, hydrochloric 
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acid washed papers, and tested for dissolved albumin within an hour 
of its being obtained from the stomach. On account of the fact thct 
only 52.2 per cent. of cases of gastric cancer yield gastric extract, re- 
vealing the absence of free hydrochloric acid, and that in 15.7 per cent. 
of cases free hydrochloric acid ranged between 20 and 50 per cent., he 
deemed it advisable to apply the test for soluble albumin not only to 
achylias but also to gastric extracts where the free hydrochloric acid 
was below 20 per cent. In a few instances of suspected malignant ulcer 
he has performed the test upon gastric extracts with higher free hydro- 
ehlorie acid content. In such he has been fully alive to the possibilities 
of error, but for the purpose of gaining information and for comparison 
he has deemed it wise to make the test. 

Mode of Procedure.—Six absolutely clean test-tubes are required for 
each test. Those of the narrow type and of 20 cc. capacity answer 
very well. The tubes are numbered serially from 1 to 6. They receive 
respectively 1 c.c., 0.5 c.c., 0.25 ¢.c., 0.1 «.c., 0.05 ce. and 0.025 c.c. of 
the filtered gastric extract. These amounts are readily measured by 
means of a 1 c.c. pipet, graduated into 1/100 c.c.; the volume in each 
test-tube is next consecutively brought up to 10 c.c. volume with dis- 
tilled water. This gives from the tubes 1 to 6 dilutions of gastric 
juice varying respectively from 1 to 10 to 1 to 400 (viz., 1 to 10, 1 to 
20, 1 to 40, 1 to 100, 1 to 200 and 1 to 400). These figures he has 
termed ‘‘units’’ of precipitable albumin. The tubes are then inverted 
several times to insure complete mixture Of their contents. One e.c. of 
the reagent to precipitate the albumin in solution is then carefully lay- 
ered upon the contents of each tube. The precipitating reagent sug- 
gested by Wolff has proved satisfactory. 

It has the following formula: 


Phosphotungstic acid.............0000. 3 grams 

Hydrochloric acid (concentrated)....... 10 ee. 

Alechol (96 per cent.)...........000 08 200 e.ce. 

WY ALOR esis ra inalak exh ee op a ee a Pare aah hee 2000 c.e. 

Mix and keep in a glass or rubber-stoppered flask in a 
cool place. 


The results are interpreted in the following manner: 

If the white ring of precipitated albumin appears in tubes 1, 2 and 3 
(namely, units of albumin from 10 up to 50), and no further mani- 
festations are present in the remaining three tubes, the test is called 
negative. If tubes 1, 2, 3 and 4 exhibit rings (units of albumin from 
10 to 100) the reaction is considered suspicious. The presence of white 
rings in tubes 1, 2, 3, 4, 5 and above (units of albumin ranging from 
10 to 200 to 400) is considered a positive test. 

Results—The gross results of Smithies’ work were as follows: of 
747 gastric extracts of the class described above, 318 (42.6 per cent.) 
gave 200 to 400 units of precipitable albumin; 112 (15.7 per cent.) 
exhibited 100 units and 317 (42.4 per cent.) showed less than 100 units. 
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In this grouping 71.5 per cent. of the gastric extracts were from cases 
showing some degree of gastric retention. 

Smithies summarizes his experience with this test in the following 
words : 

1. When carefully performed and interpreted, the Wolff-Junghans 
test for demonstration of dissolved albumin in gastric extracts was 
positive or suspicious in 80 per cent. of the series of gastric cancer. In 
this series it was a more constant finding in gastric extracts than were 
the absence of free hydrochloric acid, the presence of lactic acid and a 
positive glycyltryptophan test. It was rather more constant than the 
demonstration of occult blood and of gastric motor efficiency. It was not 
so consistent in its manifestation as the demonstration of organisms of 
the Oppler-group or the increase in the formal index. 

2. In extragastric malignancy, gastric syphilis and nephritis, the 
Wolff-Junghans test seems inconstant. 

3. In the differentiation between malignant and non-malignant 
achylias, the Wolff-Junghans test, when interpreted in connection with 
other clinical and laboratory data, is of considerable value. Positive 
reactions are rarely obtained in the achylias of primary anemia, simple 
achylia gastrica and simple achlorhydrias when such are unassociated 
with gastric motor inefficiency. 

4. Simple gastric and duodenal ulcers, especially when accompanied 
by pyloric stenosis or gastric atony, may give confusing responses to 
the Wolff-Junghans test. 

5. The presence of blood ir gastric extracts may be a factor in 
the production of certain positive tests. 

The gastro-albumorrhea test was applied in cases of pernicious ane- 
mia by Kahn and Barsky. The total nitrogen in 100 c.c. of gastric 
contents was 4.1 mg. and 3.7 mg. No albumin was present as determined 
by the phosphotungstic acid precipitation method. It is to be assumed 
that there is no discharge of protein from the gastric mucosa, although 
there no doubt is a chronic inflammatory process, in quantities sufficient 
to be tested. 

(b) Method of Rehfuss and Clarke——By means of the fractional 
method, Rehfuss and Clarke have studied the protein content of the 
gastric juice in every phase of digestion. The regular Wolff technic 
was used, the specimens being removed every 15 minutes for analysis. 

One point is worthy of especial mention. The patient is warned to 
be particularly careful about swallowing oral and bronchial secretions. 
An estimation of the protein content of saliva in six normal individuals 
showed that it gave a reaction in five cases at 1:80 and in one case 
for some unknown reason at 1:160. These figures can be greatly sur- 
passed in the sputum encountered in certain pulmonary cases, and 
it is an everyday observation that these individuals swallow much of 
their sputum. 

Clarke and Rehfuss state that the protein on various occasions found 
in the gastric juice must come from a variety of sources. Briefly 
enumerated, it may come from food ingested, saliva or bronchial secre- 
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tions swallowed, bleeding owing to an ulcerative lesion, regurgitation 
of intestinal contents, and finally in cases in which there is a gastric 
lesion, from specific protein products derived from the lesion itself. 

That the pure gastric juice derived from normal individuals contains 
but little protein, must be evident from the fact that on various occa- 
sions the juice obtained from normal individuals after the administra- 
tion of a water-meal (a test-meal consisting of 200 c.c. of water which 
is aspirated at intervals) never showed a protein content exceeding 1: 40. 
This is significant inasmuch as it indicates that the pure normal juice 
has a very low protein content, any increase of which must be of 
pathologie importance. But the customary Wolff test is performed by 
administering the ordinary Ewald test-meal, and testing at the one-hour 
interval. Concerning this method, we have some data from Wolff, Ein- 
stein and Rolph; the results, however, of testing merely one phase of 
the digestive curve is obviously wrong. It merely registers a single point 
in the whole mechanism of gastric digestion and gives no information 
regarding the elaboration of the protein, a point not without importance. 

Clarke and Rehfuss, therefore, made studies (1) to determine if pos- 
sible the actual content of the test-meal and its fluctuation during diges- 
tion, and (2) the modification of this curve in normal and pathologic 
eases. These latter are recorded merely in the hope that a possible in- 
terpretation may be obtained for some of the curious phenomena re- 
corded. 

They found that tea alone gave no reaction even at a dilution of 
1:10, and that a regular Ewald meal consisting of 8 ounces of tea and 
two pieces of toast gave a reaction at 1:20, immediately after thor- 
ough maceration. After standing for fifteen hours in the incubator at 
38° C. a reaction of 1:40 was obtained, showing that there was prac- 
tically no autodigestion. A solution of pepsin without hydrochloric acid 
gave no protein action whatever. 

In interpreting any protein curve, the question arises as to the 
quantity and source of the protein. Clarke and Rehfuss have pointed 
out that, normally, in the absence of any extrinsic factor, the quantity 
of dissolved protein runs more or less parallel to the duration of time 
in the stomach and the acidity. Any marked deviation must therefore 
be accounted for. On the basis of this finding rests the value of the test 
for diagnostic purposes. If the protein curve simply follows the acid 
curve, it merely represents the action of the gastric juice on the bread 
ingested, and may be taken as an index of gastric function. This is 
rarely given in the acid curve. But abnormal or pathologic possi- 
bilities exaggerate the curve, out of all proportion to the acid curve, 
either in the very beginning, during, or at the termination of the curve. 
Therefore, if bread alone can only give us a definite amount of protein 
within a definite time, an exaggerated quantity or the presence of high 
figures must mean that the protein comes from other sources than bread. 
In the present work, the separation and recognition of the different 
forms of protein has not seemed practical for routine work. The method 
of interpretation has been based on a comparison of the acid and protein 
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eurves. It is therefore perfectly evident that a certain protein con- 
centration in a given time can be produced from a standard meal. What 
are the extrinsic sources of protein? These may be (1) blood; (2) the 
presence of pus elther intragastric in origin or swallowed; (3) the end- 
products of protein digestion still in the stomach through atony or 
obstruction; therefore, stasis, lack of motor tone or actual obstruction 
may unduly increase the protein concentration, all of which are removed 
by emptying the stomach before administering the meal; (4) a possible 
exudation of lymph or serum from ulcer; (5) the exudation from a 
malignant lesion. 

Clarke and Rehfuss draw the following conclusions from their work: 

1. The gastric juice in health shows definitely a protein content of 
very low degree. 

2. This content is increased in disease by the addition of an exuda- 
tion of protein material from inflammatory, ulcerous or carcinomatous 
mucous membranes, or by the addition of partially digested and retained 
food residues, or the swallowing of protein material such as certain forms 
of sputum. 

3. Bread and tea alone, following the composition of the Ewald 
meal, will show in the absence of any pathologic factor a definite amount 
of protein, corresponding to the curve or the digestive power of the 
juice secreted. A mixture of maceration of bread in tea will show a 
protein content on 1: 20-1: 40; if the mixture is acted on by an artificial 
gastric juice in vitro the protein content of the juice rises steadily within 
the next two hours and may reach 1: 320 in seventy-five minutes. In 
other words, there is a transformation and liberation of soluble protein 
which may be demonstrated by the Wolff technic. 

4. The pathologic significance arises when a curve shows any marked 
deviation from this recognized standard, that is to say, when there is 
an undue concentration of protein out of all proportion to that normally 
found at that particular phase in digestion. If, therefore, a marked 
increase in protein does not conform in a general way to the acid curve 
it can be definitely stated that the protein is coming from other sources 
than the proteins of the bread. 

5. An analysis of the protein would seem to demonstrate that nor- 
mally it is of the nature of a proteose, but in inflammatory or ulcera- 
tive conditions it is probably serum protein removed to a large extent 
by saturation with ammonium sulphate. 

6. Attention is called to the interesting curves found in ulcer, many 
of which showed traces of blood, several of which can be explained on 
the basis of protein retention, some of which must be explained on the 
basis of hypothetic exudation. 

7. In the differentiation of achylia carcinoma, we pointed out that 
the test was of value in direct proportion as the case approached a true 
achylia and the added factors (extrinsic) such as swallowed pus, bleed- 
ing and protein residues could be ruled out. They likewise pointed 
out that the one-hour point was insufficient for examination and that the 
characteristic for carcinoma in these cases is a divergence of the protein 
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curve out of all proportion to the acid curve. Infected catarrh, hemor- 
rhagic erosions, achlorhydria, hemorrhagica gastrica may give high find- 
ings, but they do not have the tendency to give a steadily increasing 
protein content. 

8. They believe that a study of the protein curve may yield in- 
formation of the greatest value, provided that all the precautions have 
been observed. 

(c) Investigations of Hess——Hess, who studied the gastric secretion 
of very young infants (several hours old), came to the following con- 
clusions from his work: 

New-born infants regularly secrete a considerable amount of hydro- 
chloric acid before they are given any food. Among fifty-two infants 
varying in age from one-half hour to eighteen hours, only one did not 
have hydrochloric acid in the stomach; in all but one instance free acid 
was obtained. 

The hydrochloric acid varies greatly in amount. Exceptionally it 
was found almost lacking on repeated tests (congenital hypochlorhydria 
or hyposecretion), or very profuse (congenital hyperchlorhydria or hy- 
persecretion ). 

In almost all cases acid was obtained throughout prolonged tests, in 
spite of the fact that food was not given to stimulate secretion. In 
one instance 17 c.c. of highly acid juice was aspirated in one hour and 
fifty minutes. Rennin, pepsin and lipase were also obtained in the 
(unfed) new-born. 

Prevailing physiologic views cannot account for the gastric secretion 
immediately after birth. It is not the result of mechanical stimulation 
by means of the catheter, as the juice was obtained immediately on 
the introduction of the tube, without an intervening latent period. It 
may be prenatal in origin. Nor is it clear what stimulates the continued 
secretion which was obtained for hours. Experiments showed that the 
saliva is not the exciting agent; the effect of sucking could not be de- 
termined. Comparative tests of the same infants at birth and later, 
during the first week of life, showed that the stimulus to gastric secre- 
tion may be greater in the new-born infant which has not been fed. 

This chlorhydria of the new-born is not usually associated with in- 
creased tonicity of the pyloric sphincter, as the duodenal catheter can 
readily be passed through the pylorus. Even when 0.4 per cent. hydro- 
chloric acid is instilled into the gastric cavity the catheter can be read- 
ily passed into the duodenum. However, the high acidity may at times 
be related to the pylorospasm or to duodenal ulcer met with in infancy. 

Although gastric secretion is so marked in the new-born, duodenal 
and pancreatic secretion is very scanty. Nor can this secretion be read- 
ily stimulated by allowing hydrochloric acid to enter the duodenum. 
Evidently the mechanism of pancreatic secretion is not as easily acti- 
vated in the new-born as in later infancy. 

Hess used a soft rubber catheter for the removal of the gastric 
contents. 

Gastric Emptying Power.—Smithies, in his excellent book on ‘‘Can- 
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cer of the Stomach,’’ describes in detail the physiologic method for esti- 
mating the gastric emptying power. We shall quote from him: 

1, PuHysioLogic METHOD or SMITHIES.—Its object is to prove whether 
food can pass into or out of the stomach. The contra-indications are 
few: recent severe hemorrhage, clinical evidence of perforation, coma, 
extreme asthenia, severe cardiorenal disturbances or mental upsets. 

The patient’s stomach should be washed free from whatever material 
it contains. Following the lavage (provided the clinical history of 
marked stenoses at the orifices has not been obtained), 2 ounces of castor 
oil are administered through the stomach-tube or per oram. Three hours 
later the patient is allowed to eat a moderate-sized meal of mixed food, 
in the manner that he ordinarily follows. This meal contains among 
other ingredients, at least 50 grams of cold meat, 2 leaves of head 
lettuce and 20 raw raisins. Instructions are sometimes needed to in- 
sure the patient’s swallowing the skins of the raisins. It is important 
that they should be eaten. Beverages are allowed, preferably water, 
milk or weak tea. This meal has the advantages of being readily avail- 
able, palatable and of sufficient bulk. The last consideration is of 
essential value in any motor meal. It is impossible to establish evidence 
of the anatomic condition of the stomach orifices by motor meals of the 
baby pap type. An interval of 8-12 hours is permitted to elapse before 
a stomach-tube is passed and attempts at the recovery of remains of 
the motor meal are made. Experience has taught us that food rem- 
nants present constantly in a stomach after 8 hours generally indicate 
some mechanical hindrance to their free exit from the viscus. It is not 
uncommon in healthy individuals to demonstrate the presence of food 
in the stomach after 4 to 6 hours, i.e., the common time limit for esti- 
mation of gastric emptying power. In many instances of pyloric spasm, 
associated with peptic ulcer, disease of the gall-bladder, the appendix, 
etc., intermittent (and sometimes marked) 6 to 8 hours’ residues may 
be removed from the stomach. In pronounced atony, rather more than 
4 per cent. of cases exhibit food retained longer than 6 hours. 

Some degree of 12-hour retention was demonstrated in 483 cases 
(69 per cent.) in Smithies’ series of 701 instances where test-meal data 
are available. Frequently the amount varied considerably upon re- 
peated examinations, but there were but 2 per cent. of cases, in which 
the neoplasm was located at the antrum or distal to it, where some trace 
of food retained for from 8 to 12 hours could not be persistently demon- 
strated (Smithies). 

Smithies gives a table, which we shall reproduce here, showing the 
clinical inter-relationship existing between important test-meal findings 
and the presence of abdominal tumor. (See Table 4.) 

2. SaLou Test oF Gastric Motmity (Ewald and Sievers) .—Pheny]l- 
salicylate (salol) décomposes into phenol and salicylic acid when in 
alkaline solution. It is understood, therefore, that in the gastric passage 
it neither decomposes nor is it absorbed. In the intestines, however, 
salol is split up, and absorbed, and the urine shows the presence of 
salicyluric acid. 
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TaBLE 4. RELATION BETWEEN TEST-MEAL FINDINGS AND Gastric Tumor. 


-| No | Food 
Sar- Oppler| Lactic 
: Yeasts -,| Free | Rem- |Tumor 

Total | cine ‘Boas Acid HC] | nante 

Sarcinwe ...........- 71 0 36 65 20 31 42 
Yeasts .........008. 150 | 36 0] 116 38 76 116 
Oppler-Boas ........ 221 | 65 116 0 50 | 182 178 
Lactic Acid ......... 85 | 20 38 50 0 44 57 
No Free HCl] ........ 180 | 31 76 | 132 44 0 130 
Food Remnants ..... 194 | 42 116 | 178 57 | 130 0 
Tumor .........000. 208 | 46 117 | 186 64 | 128 146 
Occult Blood ........ 202 | 48 104 | 172 76 | 120 14? 








The method of performing this test is as follows: The patient is 
given one gram of salol immediately after dinner or breakfast. The 
urine is collected, and tested every fifteen minutes for salicyluric acid 
by the addition of ferric chlorid, which imparts a violet color to the 
urine in the presence of the aryl derivative. Normally, the salicyluric 
acid appears in the urine in from 30 to 75 minutes. A delay of more 
than 75 minutes means motor insufficiency. If for 24 hours the delay 
persists, it is presumptive evidence of pyloric stenosis. In cases of 
gastroptosis or gastrectasis, the salol may still be present in the urine 
after 30 hours, although normally, the salicylates are totally excreted 
within 24 hours. 

Sometimes the salol may decompose in the stomach due to the pres- 
ence of alkaline mucus, or of regurgitated pancreatic juice (Brunner). 
On the other hand it sometimes happens that owing to acid fermenta- 
tion in the intestines, the salol fails to decompose after it has passed 
the stomach. 

Huber has recommended that the time that it takes for the salicyluric 
acid to disappear from the urine be measured. When the motility of 
the stomach is normal, the salicyluric reaction disappears by the twenty- 
fourth to the twenty-seventh hour. Accordingly, the patient, emptying 
the bladder at the end of twenty-seven hours, is asked to pass urine 
every three hours thereafter until the salicyluric acid reaction, if still 
present, disappears. The delay of the end of the reaction is said to be 
directly proportionate to the slowing of the motility of the stomach. 

3. LEUBE’s TEST oF Motor POWER oF StomacH.—The patient is 
given a Riegel test-meal. This is removed six hours later, and the stom- 
ach is washed with a liter of water. If only slight traces of food are 
present, the motor power of the stomach is normal. This method is, 
perhaps, the most convenient for practical purposes. 

4, Jopororm Test ror Gastric Mortitity.—Fleischer administers to 
the patient 0.1 gram iodoform, with, or just after, the main meal. The 
urine is then examined for iodin. With normal gastric motility, iodin 
appears in the urine in from 60 to 90 minutes. 

5. WINTERNITZ Test.—The author of this test recommends the use 


of iodipin instead of salol. This substance is not affected by the gastric 
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contents, but is acted upon in the intestine by the pancreatic secretion, 
with the liberation of iodin, which may be tested for in the saliva by the 
addition of a little starch paste. 

6. Sanui’s DESMOID REACTION.—This is a method for testing gastric 
function without using the stomach-tube. The underlying principle of 
the test is the fact that raw catgut may be digested in gastric juice 
but is entirely indigestible in pancreatic juice. The test is made as 
follows: A methylene-blue pill is introduced into a small rubber bag 
and the mouth of the bag subsequently tied with catgut. The small 
bag is then ingested immediately after the midday meal and the urine 
examined 5, 7,9, and 18-20 hours later for methylene blue. If methylene 
blue is present in appreciable quantity, it will impart to the urine a 
greenish-blue color. If not present in sufficient amount to impart this 
color, the urine should be boiled with one-fifth its volume of glacial 
acetic acid, whereupon a greenish-blue color results if the chromogen of 
methylene blue is present. This contingency seldom arises, however, 
inasmuch as in most cases of uncolored urine it will be found that the 
rubber bag has passed through the stomach unopened. If the methylene 
blue is found in the urine inside of 18-20 hours a satisfactory gastric 
function is indicated. 

7. GUnzpure’s MetHop.—Webster describes this method as follows: 
‘A tablet of 0.2 gram of potassium iodid is placed in a piece of the 
thinnest possible, strongly vulcanized rubber tubing, measuring about 
2.5 em. in length. The ends of the tubing are folded and the package 
tied with three threads of fibrin which have been hardened in alcohol. 
The package is now tested by placing it in warm water for several hours 
and examining the water for potassium iodid. The patient swallows 
one of these packages three-quarters of an hour after an Ewald meal, 
the saliva being tested for potassium iodid at intervals of 15 minutes. 
In the presence of free hydrochloric acid in normal amounts, the threads 
of fibrin are dissolved and the potassium iodid is absorbed, giving a reac- 
tion in the saliva in from one to one and three-quarter hours. In cases 
of hypochlorhydria the reaction is delayed, a delay of 6 hours indicating 
a practical absence of free hydrochloric acid. This test very frequently 
gives reliable results, but the threads of fibrin soon become brittle and 
break on swallowing the package, so that a reaction for potassium iodid 
under these conditions would have no value.”’ 

Motility of Intestine —1. Carmine Txrst.—In order to determine 
the motility of the intestine, certain substances which color the feces 
are given at a definite time, and the evacuations are watched to ascer- 
tain the interval necessary for these substances to appear in the feces. 
Carmine colors the feces red. The patient is given the Schmidt diet 
(see page 37), together with a capsule containing 0.5 gram ecarmine. 
As Basch remarks, in the carmine test, we have a simple, harmless, 
reliable and convenient means for the demarcation of stools and the 
estimation of gastro-intestinal motility and patency for the detection of 
fistulous communications of the alimentary canal with exterior or with 
other hollow organs, for the location of the distal end of a duodenal 
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tube, and to aid in the differentiation between esophageal diverticulum 
and dilatation (Aaron). 

Hymanson studied the carmine test in infants and children. He 
states that a complete passage of carmine, when given by mouth, of 
less than fourteen hours is abnormal. In children with intestinal 
catarrh, the passage time varies from 9 to 12 hours, and in hyperemic 
and ulcerated forms of catarrh from 3 to 8 hours. The main point 
deduced is that the more severe the condition, the higher up the lesion. 
These quick passages have a certain diagnostic value. If carmine given 
by mouth is in the stools within a definite interval, there might be good 
reason to suspect the existence of pyloric obstruction. Carmine is given 
to children in doses of 14 to 2 grains. 

2. CHaRcoAL TEst.—Instead of carmine, charcoal may be adminis- 
tered with similar results. 

3. EINHORN’s Beap TEst.—Einhorn describes a method of estimat- 
ing the motor functions of the digestive apparatus. It consists in hav- 
ing the patient swallow a number of small porcelain or glass beads. 
The time that elapses between the taking of the beads and their re- 
appearance, indicates the length of their sojourn in the digestive 
apparatus. Solid foodstuffs are attached to glass or porcelain beads 
by being drawn through the opening in the bead and tied on with a 
silk thread; obviously on passing through the stomach and bowel, the 
substance attached to the bead, if entirely digestible, will have disap- 
peared, whereas indigestible substances will be found in the feces at- 
tached to the bead. It is possible in this way to ascertain the digesti- 
bility of many food substances in normal as well as in pathological 
conditions. 

Six test-substances are usually attached to the beads: (1) catgut; 
(2) fish bone; (3) meat; (4+) potato; (5) mutton fat; (6) thymus gland. 
Physiologically, the first two substances (catgut and fish bone) are usu- 
ally digested in the stomach, and the remaining four (meat, potato, mut- 
ton fat, thymus) in the intestine. 

All the beads usually appear in the stool under normal conditions 
in one or two days, either all empty, or with a trace of fat, thymus 
or fish bone left. Deviations from this rule point to pathologic condi- 
tions. 

With regard to the functions of the digestive apparatus, the follow- 
ing conclusions may be drawn: In ease all the beads reappear in a 
much shorter time than 24 hours, there is an accelerated motility; if 
they reappear after forty-eight hours, a retarded motility exists. The 
digestive function is good if all the beads are empty, or if there are 
but traces of fat, thymus or fish bone left. A reappearance of catgut 
or meat, potato, much fat or much thymus always indicates a 
poor digestive function for the food substance in question. If all these 
test substances reappear in the stool, an absolutely poor digestive func- 
tion exists. 

Preparation of Food Beads.—(1) Catgut: Take raw catgut No. 00, 
draw it through the bead and tie the ends together. 
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(2) Fish Bone: As the ordinary fish bone breaks when tied in a 
knot, it is best to use the long bones from a pickled herring. The bones 
are washed in water first, then rubbed off with a cloth and kept in 
water in a bottle. When wanted they are taken out of the water, drawn 
through the bead, and tied in the same manner as the catgut. 

(8) Meat: The muscle-fibers of raw beef are cut lengthwise in the 
direction of the fibers and in pieces 5 to 6 cm. long, and 1 em. thick. 
These are preserved in a bottle of alcohol. Take a piece of meat from 
the alcohol bottle, tear off lengthwise a muscle fiber 2 to 3 cm. long and 
1 mm. thick; draw the same through the bead and allow the ends to 
overlap; next tie the ends fast together over the bead with a silk 
thread. 

(4) Thymus: Raw sweetbread from the calf is cut in cubes and pre- 
served in alcohol. For use, lay a small piece about 2 cubic millimeters 
within a small square of gauze, fold the four ends of the gauze together 
and tie with thread, so that the small piece of thymus is enclosed as in 
a purse; then fasten the gauze purse to a bead. 

(5) Mutton Fat: Beads with large opening, 1.5 to 2 mm. in diameter, 
are placed in hot rendered mutton fat and after a minute are taken out 
with a forceps and placed in a vessel of cold water. This congeals the 
fat. Then they are laid on a clean piece of filter paper, and allowed to 
remain until thoroughly dried; the beads can thus be kept as long as 
desired, and are ready when wanted for use. 

(6) Potato: Cook a piece of potato with the peel on in boiling water 
for 2 minutes. Take out of the water and cool. Cut a small piece of 
potato with peel, 1 cm. long, 0.5 em. wide and 1.5 mm. thick, and attach 
it to a bead. Two or more substances may be attached to one bead, 
for instance, catgut and fish bone, meat and thymus. The test beads 
ean all be kept on hand with the exception of the potato, which must 
always be freshly prepared. Meat and thymus beads are best kept 
in alcohol. Catgut, fish bone and fat beads are simply preserved dry 
The bead when prepared should be tied with a string, and the string 
placed in a gelatin capsule and so administered, best shortly after a 
meal. The bead test gives a very fair idea of how long the food remains 

in the intestinal tract, which the test-diet does not. The bead test is 
designed to show the digestibility of protein, fat and carbohydrates 
and the motility of the gastro-intestinal tract. 

4, Scumipt Test-Diet.—Intestinal sufficiency may be tested by the 
following method of Schmidt, as described by Aaron: 

The Test-Diet and Its Admintstration—The demands to be made 
upon a suitable diet are many. It should be made up in such a way 
as to be equally acceptable to healthy, and to intestinally diseased indi- 
viduals. It should be almost, but not entirely, free from indigestible 
matter, so that the irritation normally supplied by the intestinal con- 
tents may not be entirely absent. Furthermore, it should satisfy the 
minimum caloric requirements in physical rest; it should contain a suit- 
able proportion of protein, fat and carbohydrates; it should be easily 
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procurable and easy to prepare. In Schmidt’s original test-diet, im- 
portance was attached to the exact measurement of all the articles of 
nutrition contained. 

It was as follows: 

Morning: Milk 0.5 liter, or if milk is not well tolerated, cocoa 0.5 
liter, prepared with 20 grams of powdered cocoa, 10 grams of sugar, 
400 grams of water and 100 grams of milk, together with 50 grams of 
biscuits. 

Forenoon: One-half liter of oatmeal gruel (made from oatmeal 40 
grams, butter 10 grams, milk 200 grams, water 300 grams, 1 egg and a 
little salt ; strained). 

Midday: Chopped beef (125 grams gross weight) slightly roasted 
with 20 grams of butter, care being taken that the inside remains rare. 
Mashed potatoes 250 grams (potatoes 190 grams, milk 100 grams, butter 
10 grams and a little salt). 

Afternoon: Like the morning diet. 

Evening: Like the forenoon diet. 

This diet contains; milk 1.5 liters, 2 eggs, 100 grams of biscuits, oat- 
meal 80 grams, butter 50 grams, beef 125 grams, potatoes 190 grams, 
having the following composition: 


Protein Fat Carbohydrates 

Milk, 1.5 liters................ 45.0 53.2 67.6 
TWO CEES a vhseltaek ee eiwu ss 11.3 10.9 0.5 
Biscuits, 100 grams............ 8.55 0.98 75.1 
Oatmeal, 80 grams............ 1.76 1.2 8.2 
Butter, 50 grams.............. 0.37 42.2 
Beef, 125 grams............... 26.0 1.96 
Potatoes, 190 grams........... 3.99 0.28 39.9 

97.03 110.72 191.3 


Calculating the protein at 4 calories, the fat at 9, the carbohydrates 
at 4, this test-diet would yield 2131.8 gross calories. According to 
Lohrisch, the direct combustion of this test-diet in the calorimeter yields 
2146.3 calories, which corresponds closely enough. Also, according to 
Lohrisch, the cellulose content of one day’s test-diet amounts to 0.8916 
grams. However, in the course of years, it has been found that, for 
practical purposes, the precise quantitative determination of various 
nutritive ingredients is not at all necessary. It should simply be borne 
in mind that the test should be composed of milk in not too restricted 
quantities (14 to 1% liters) ; white bread or crackers, about 100 grams; 
potato purée, 100 to 250 grams; chopped beef, 120 grams. But many 
additions or omissions may be resorted to, to suit the taste and require- 
ments of the patient. The accurately measured diet is now used only 
for exact clinical examination and quantitative analyses. For practical 
purposes Schmidt now lays down the following changed and amplified 
form of his test-diet : 
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Morning: Milk one-half liter, or tea or cocoa with much milk if 
acceptable; 1 roll and a soft boiled egg. 

Breakfast: Oatmeal gruel, strained, one plate, with a little salt or 
sugar, if desired ; farinaceous soup or porridge may be substituted. 

Midday: Lean beef, well chopped and slightly roasted (inside rare), 
with potato purée, finely strained, the quantity not to be too small. 

Afternoon: Like the morning diet but without the egg. 

Evening: Milk 1% liter, or a plate of soup (as for breakfast), 1 roll 
with butter, and 1 or 2 soft boiled eggs or scrambled eggs. A little 
wine is also permitted, alsa the addition of weak coffee, or tea, bouillon 
and chopped cold roast veal. 

This is an absolutely bland and non-irritating diet, which as far 
as possible meets the requirements and the personal taste of the patient, 
with no difficulty whatever in the way of procuring or preparing the 
same, as it provides only for the simplest and always obtainable articles 
of nutrition. 

In spite of many objections this test-diet has met with general ap- 
proval. The objections were principally to the effect that the diet list 
was not the only possible one—which, of course, is correct. It is quite 
possible to compose a different test-diet which would meet the demands 
laid down. But the value of the Schmidt formula lies in the fact that 
upon it as a basis, and through the labors of Schmidt, Strassburger and 
their co-workers, our entire system of modern coprology and functional 
intestinal diagnosis has been constructed. All the numerous analyses 
and stool examinations which have furnished material for establishing 
systematic intestinal diagnosis have been made with this test-diet. If 
at the present time we are able to speak of ‘‘normal feces,’’ we are in- 
debted for this achievement to the application of just this test-diet. As 
soon, moreover, aS we make quantitative or qualitative changes in the 
material points of this test-diet, we rob the fecal examination of its 
firm and assured foundation and destroy the object of comparison—the 
normal feces—of which we must always avail ourselves in judging patho- 
logic conditions. 

As a rule, this test-diet is well tolerated. Milk, possibly, might occa- 
sionally give rise to diarrhea. In such cases the milk is boiled together 
with cocoa or replaced by the latter article entirely. 

For purposes of examination, the test-diet is taken for two or three 
succeeding days or, at all events, for a sufficient tume to make sure of 
the stool being derived from it. 

Examination of the Test-diet Stool._—The test-diet stool is collected 
in a chamber, transferred to a glass or tin vessel specially reserved for 
this purpose, and sent to the physician. If the feces are hard or thick 
a wooden spatula may be used to transfer them from the chamber; fluid 
feces may be poured into the receptacle for transportation. 

Having thus obtained the test-stool, the next step is its examination. 
This should be made microscopically and chemically. 

(a) Macroscopical Examination.—The feces should always be exam- 
ined as soon as possible after defecation. They should first be inspected 
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and examined as to color, consistency, odor, gross admixtures of mucus, 
blood, pus and helminths. 

The next step in the macroscopical examination is the trituration of 
the feces. This is done in the following manner: The entire quantity 
is thoroughly mixed with a wooden spatula, so that it becomes a homoge- 
neous mass and it is certain that a sample taken from it represents 
the mixture. Of these stirred feces a small portion, the size of a walnut, 
is carefully triturated in a mortar, with gradual addition of water until 
the mass is of the consistency of soup. The trituration should be done 
so carefully that no coherent non-triturated particles will be visible to 
the eye. These feces, triturated to the finest possible consistency, are 
poured out and spread upon a black plate where it will be possible to 
observe with the greatest accuracy and distinctness whether any parts 
of the test-diet, and which, have been evacuated in a macroscopically 
visible form—1.e., have not been assimilated and digested. The macro- 
scopical examination, therefore, includes a search for connective tissue 
of the meat particles of muscle, potato remnants, fat and cellulose resi- 
due. Furthermore, in this examination it will be possible to recognize 
constituents which do not originate from the test-diet, but from the 
intestine itself, as, for instance, the important matter of mucus, small 
pus flakes, and large crystals of ammonia-magnesium phosphate. 

(b) Microscopical Examination—The microscopical examination 
serves to supplement the macroscopical, and requires three different pro- 
cedures: 

1. Inspection of a small particle of the untriturated feces, spread 
in a thin layer under the cover-glass: examination as to the presence 
of muscle particles, fat in its various forms, potato cells, cellulose rem- 
nants, cocoa remnants, mucus, pus and parasitic eggs. 

2. A small particle of feces is thoroughly triturated on a slide with 
a few drops of a 80 per cent. acetic acid solution by means of a needle, 
heated for a moment over a flame to the boiling point, and inspected 
under the cover-glass. By this process aj] the fat remnants are tem- 
porarily melted, the entire quantity of fat being shown in the warm 
preparation in the shape of liquid globules of fatty acid, spread over 
the entire surface. As the preparation cools, the drops coagulate into 
intransparent masses of fatty acid. From this preparation it is possible 
to approximately estimate the fat content of the feces. 

3. A small particle of the feces is carefully triturated on the 
slide with a droplet of a strong compound solution of iodin (iodin 1, 
potassium iodid 2, distilled water 50), and inspected under a strong 
light under the cover-glass. 

By this preparation any remnant of starch, either enveloped in cel- 
lulose or free, which stains blue with iodin will be recognized. At the 
same time it is possible to observe any blue-stain iodin fungi and yellow- 
stained yeast cells. 

(c) Chemical Examination.—(i) Reaction Test——The simplest 
method of testing the reaction consists in bringing a strip of red and 
blue litmus paper, soaked in water, into contact with the feces, and 
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noting the change of color on the outer side of the paper. Schmidt rec- 
ommends azolitmin paper, prepared from pure litmus coloring substance. 

(11) Schmidt’s Sublimate Test.—The sublimate test serves to discover 
whether the feces contain the normal fecal pigment, hydrobilirubin or 
pathologically unchanged biliary pigment (bilirubin). The test is based 
upon the fact that hydrobilirubin stains intensely tile-red owing to the 
formation of mercurial chlorid of hydrobilirubin, while bilirubin with 
sublimate stains green owing to the oxidation of the bilirubin, changing 
it to biliverdin. For this purpose it is necessary to triturate in a mortar 
a walnut-sized piece of feces to a thin consistency, adding a generous 
portion of concentrated aqueous sublimate solution (corrosive subli- 
mate 28, sodium chlorid 25, distilled water 500), which is thoroughly 
mixed with the feces. The tile-red stain of hydrobilirubin will then rap- 
idly occur with fresh feces. Feces which have been standing for some 
time produce a reddish-brown to a dirty-brown color. The mixture 
should be allowed to stand for 24 hours, when any unchanged biliary 
pigment that may be present will be found to be stained green. In 
that case, either the entire quantity of feces is stained green or only a 
few macroscopic or microscopic particles may be visible. 

(iii) Sehmidt’s Ineubator Test.—The incubator test is instituted to 
show whether the feces incline to earbohydrate fermentation or to protein 
putrefaction, or whether they are negative. For this purpose Strass- 
burger’s fermentation tube is employed. This fermentation tube is con- 
nected with a bottom vessel, into which 5 grams of formed feces are put 
with a wooden spatula and well stirred with water. If the stool is hard 
a smaller quantity is taken, a larger one if it is liquid. The bottom vessel 
is closed with a one-bale rubber stopper, through which runs a glass tube 
connecting it with the fermentation tube. Another glass tube connects 
the fermentation tube with a vessel filled with tap water. The latter ves- 
sel has a two-hole rubber stopper, through one perforation of which the 
glass tube just referred to leads. Through the other a V-shaped glass 
tube enters, one end of which dips down into the tap water while the 
other enters the one-hole rubber stopper of a third vessel, stopping short 
as it enters the top. The apparatus is kept in the incubator for twenty- 
four hours at a temperature of 37° C. Should gas develop, it will enter 
from the bottom vessel into the fermentation tube, displacing the water in 
the middle vessel, and thence into the empty vessel. Carbohydrate fer- 
mentation is assumed to exist if after twenty-four hours the outer tube is 
about half filled with water, if the reaction of the feces has become dis- 
tinctly acid, if the feces in the bottom vessel when it is opened have an 
odor of butyric acid and their color has turned light yellow. Albuminous 
putrefaction has taken place if the reaction of the feces has become 
strongly alkaline. There is a distinct odor of putrefaction, the feces have 
assumed a dark color and there is but slight development of gas. Baur- 
meister has modified the fermentation tube so that it is easily manipu- 
lated and more durable. The modification consists of three ordinary 
wide-mouthed bottles connected with glass tubing through perforated 
rubber stoppers. The ground feces are placed in the first bottle, the 
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TABLE 5.—ANALYSIS OF FECES AFTER SCHMIDT-STRASSBURGER TEST-DIET. 
(Pernicious Anemia.) 





Total Nitrogen Fat 
Weight 
Case Day Dry Feces 

(Grams) Grams Per cent. Grams Per cent. 
Intake Intake 

1 1 157 .5 2.343 14.2 4.51 4.3 

2 162.4 2.544 15.4 6.05 5.5 

3 175.5 1.897 11.5 5.72 5.2 

Av. 165.1 2.261 13.7 5.42 5.0 

2 1 98.3 1.669 9.7 6.71 6.1 

2 75.5 1.926 11.2 4,29 3.9 

3 108 .2 1.857 10.8 5.28 4.8 

Av. 94.0 1.817 10.5 5.42 4.9 

3 1 117.0 1.144 7.2 4.62 4.2 

2 110.5 1.033 6.5 3.96 3.6 

3 86.5 1.319 8.3 4,84 4.4 

Av. 104.6 1.132 7.3 4.47 4.06 





second bottle is filled with water, and the third bottle remains empty. In 
the presence of fermentation or putrefaction the generated gas forces the 
water with some of the feces into the third bottle. When the test-diet 
feces are normal the second and third bottles remain the same as when 
first placed in the incubator. In the presence of fermentation, some of the 
yellow feces are forced into the two other bottles. The feces are usually 
darker in the presence of putrefaction. 

(iv) Examination for Dissolved Protein.—For this purpose the fol- 
lowing procedure is instituted: The feces (daily quantity) are well 
triturated, water being added slowly, and further diluted with water 
until a rather liquid consistency (about 500 ¢.c.) is obtained. This 
fluid is allowed to stand for a few hours and is then filtered through a 
double filter. The turbid filtrate is passed for clarification through a 
silicated filter, after which the filtrate is usually clear. If it is de- 
sired to test the clear filtrate for dissolved protein (albumin, albumose), 
it will be necessary to first remove the nucleoprotein which is present 
in every fecal extract. This is effected by the careful addition, in drop- 
lets, of a 30 per cent. acetic acid solution to the liquid contained in the 
test-tube. The precipitated nucleoproteins cause a turbidity of the 
previously clear filtrate which must now be passed through a double 
layer of filters. If the resulting filtrate is limpid and free from nucleo- 
proteins, a few more drops of a 3 to 5 per cent. solution of acetic acid 
should be added in order to make doubly sure that all of the nucleo- 
proteins have been precipitated, after which the usual albumin test— 
boiling with acetic acid—the ring test with nitric acid or the ferro- 
eyanid-of-potassium test should be instituted. Should the filtrate, turbid 
from the precipitated nucleoproteins, remain so after the second filtra- 
tion, it should once more be filtered through a silicated filter, which 
will clarify it and make it ready for examination for albumin. Quanti- 
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tatively, the protein in the nucleoprotein-free fecal extract can be de- 
termined by Esbach’s reagent, or Tsuchiya’s 1 per cent. solution of 
alcoholic phosphotungstic acid (phosphotungstic acid 1, hydrochloric 
acid 5.96 per cent., aleohol 100). 

The analyses of the feces in three cases of pernicious anemia are given 
in Table 5 (Kahn and Barsky). 

In this series of cases of pernicious anemia the bulk of feces was very 
much increased, from 75.5 grams to 175.5 grams. It will be seen that 
the average daily excretion of dry feces in the three cases was 165.1, 
114 and 104.6 grams, an increase of from 100 to 200 per cent. as com- 
pared with the normal figures of Schmidt. The nitrogen elimination was 
also much increased in the first and second cases, being an evidence of 
some deficiency of protein absorption. The average excretion of nitrogen 
in the feces in the three vases was 13.7, 10.5 and 7.3 per cent. respec- 
tively. The fecal fat does not seem to vary much from the normal, the 
average figures for the three cases being 5.0, 4.9 and 4.06 per cent. 

Study of Intestinal Putrefaction (Ethereal Sulphate Estimation).— 
Perhaps as index of intestinal putrefaction attention may be paid to 
the urinary sulphur partition. It is known that in cases of intestinal 
stasis, etc., where the flora of the intestines are abnormal, there is an 
increased production of aryl compounds which are conjugated in the 
liver with sulphuric and glycuronic acids, and are excreted in the urine. 

There are normally present in the urine a certain number of organic 
substances, demonstrated to be conjugation products of aromatic sub- 
stances with sulphuric acid. These are called ethereal sulphates. 

The presence of these aromatic sulphates has been known for a 
long time. JBerzelius had demonstrated that the sulphates in the urine 
are in a form other than, and in addition to, the inorganic sulphates. 
In 1848, Stadeler demonstrated the presence of phenol and phenolic 
substances in the urine. It was in 1876 that Baumann, by his brilliant 
researches, proved that there were present in the urine a number of 
phenol substances in conjugation with sulphuric acid, and he demon- 
strated the presence of phenolsulphuric acid and cresolsulphurie acid. 

The prolific number of articles that have appeared on the ethereal 
sulphates of the urine, since the time of Baumann, shows the interest 
which this subject has aroused, and the attempts which have been made 
to make practical application of the knowledge of this subject in the 
field of medicine in general, and of auto-intoxication in particular. 

According to Martin, ‘‘blue substances’’ were known to be present 
in the urine by Hippocrates and Galen. Sabatier (1837), Wastel (1840) 
and Béchillon (1840) reported respectively cases of a blue substance in 
the urine. Prout (1840) erroneously identified this substance as Prus- 
sian blue. Similar cases were reported by Heller, Martin, Scherer, 
Virchow, Hill Cassal, von Sicherer, Gubler and others.* 

Schunck, in 1857, found that upon treatment of urine with mineral 
acids or upon air exposure, a blue substance is formed, which he con- 


* We are indebted to Gustav Baar’s ‘‘Die Indicanurie,’’ Berlin and Wien, 1912, 
for the historical summary on Indican, 
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sidered identical with the indican that occurs in such plants as Indigo- 
fera tinctoria, Isatris tinctoria, ete. Two years later Carter proved that 
this substance is present in the urine of normal and diseased subjects, 
and that it also occurs in blood. 

Bayer showed that indol was the mother-substance of indican. 
Brieger found that intestinal putrefaction produces the same substances 
as are produced by pancreatic digestion. Kiihne, and later Nenaki, 
proved that indol is a product of pancreatic digestion of proteins. 
Hoppe-Seyler demonstrated that fibrin decomposes to indol without the 
action of bacter‘a. Radziewsky showed that indol was of normal and 
constant occurrence in the feces. Jaffé stated that the fecal indican, 
when absorbed, is the cause of the urinary indican. 

That indican is produced by decomposition of protein was confirmed 
by Yasnopolsky. It was demonstrated by Baumann, Nencki, Brieger 
and Thieman that indican was indoxy] sulphate. Indican formation is 
due to the same factors that cause, in general, the excretion of ethereal 
sulphates in the urine. 

Nuttal and Thierfelder stated that the only cause of indol forma- 
tion was intestinal putrefaction. 

It was suggested by Hoppe-Seyler that indol and other ethereal 
sulphates were derived in part from the tissue proteins, and he there- 
fore considered two types of indicanuria—‘‘metabolic’’ and intestinal. 
Salkowski was inclined, at that time, to concur with the view of Hoppe- 
Seyler. Folin, also, believes in the metabolic formation of ethereal 
sul phates. 

Many investigators, however, are opposed to this view, and have ad- 
vanced many proofs to show that there was no ‘‘metabolic’’ indicanuria. 

Tuczek demonstrated that in insane individuals who refrained from 
food, no indican was present in the urine. In such cases, indican reap- 
peared in the urine after the ingestion of some protein. Rabbas found 
the same to be the case in a patient who was starving. In fever, where 
we expect high endogenous catabolism, Jaffé found no increase in in- 
dican. 

Salkowski stated that while he could find no indican in the urine 
of starving human beings, still he could demonstrate traces of indican 
in the urine of starving dogs. But Herter explained this indicanuria 
in starving dogs as due to the decomposition of the slight quantities 
of intestinal secretions in the animal’s alimentary canal. 

A number of authors have attempted to influence the endogenous 
-metabolism and thus observe the formation of ‘‘metabolic’’ ethereal 
sulphates. The work of Lewin with phlorizin seemed to show such a 
possibility. Harnack injected oxalate solutions into animals and found 
an increased excretion of indican in the urine. Blumenthal and Rosen- 
feld obtained similar results. Kisch also concluded that oxaluria is 
an evidence of metabolic derangement. 

At the instigation of M. Jaffé, H. Scholz repeated the work of 
Harnack and of Lewin and could not confirm their results. Mayer also 
contradicted Lewin’s findings. 
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In the professional faster, Muller failed to find indican in the urine 
after the third day of the fast. Sherwin and Hawk found indican in 
the urine of their dog, who was fasted once for 117 days, and the sec- 
ond time 105 days. They summarize their findings thus: 

‘‘The course of intestinal putrefaction, as measured by the urinary 
indican excretion, was followed in two experiments upon the fasting 
dog. The initial fast was one of 117 days in length, and the indican 
output was continuous and fairly high throughout. The ‘repeated’ fast 
was 105 days in length, during which the indican values were much 
lower than during the initial fast. There was an absolute absence of 
indican in all urine passed during the last 48 days of the ‘repeated’ 
fast, ie., after the 57th fasting day. The finding of diminished in- 
testinal putrefaction as a result of ‘repeated’ fasting is in line with 
other observations from our laboratory which have shown that ‘repeated’ 
fasting 1s accompanied by greater resistance, a less rapid loss in body 
weight, less pronounced protein catabolism, a general physical and 
mental improvement. ’’ ; 

Besides the gastro-intestinal tract, indican and ethereal sulphates 
may be increased in the urine due to putrefaction going on in abscesses, 
empyema, tuberculosis with cavity formation, fetid bronchitis, gangrene, 
retention of a dead fetus, etc. These types of indicanuria were called 
‘‘septic’’ indicanuria by MacKee and ‘‘extra-intestinal’’ indicanuria by 
De Santos Saxe. 

Hartmann found increased excretion of indican in pus formation 
anywhere in the body. Wells found that pyothorax increased the in- 
dican excretion. Similar results were obtained by Keilmann (in abscess 
of the knee and furunculosis), by Porter (in abscess formation) and 
by Herter (in intestinal putrefaction). The latter author attempted 
to demonstrate that the formation of indican was due to the activities 
of the Bacillus colt within the intestinal tract. 

Combe claims that ‘‘leaving out organic suppurations, the ‘sulpho- 
ethers’ are solely derived from the microbic intestinal putrefaction pro- 
duced at the expense of the proteids, the nucleo-albumins, the pancreatic 
and intestinal juices, the bile and the intestinal mucus.’’ He also thinks 
that the quantity of the so-called ‘‘sulpho-ethers’’ is proportional to the 
degree and intensity of the putrefaction taking place in the intestine. 

Stern, however, believes that the excretion of ethereal sulphates in 
the urine is not proportional to the intensity of the intestinal putre- 
faction, but is proportional to the power of absorption, which varies 
greatly according to the individual. 

The influence of the kind and method of nutrition on the excretion 
of the ethereal sulphates was studied by many authors. 

In 1884, Smirnow (Petrograd) studied .the effect of consuming 
the daily food at frequent intervals upon the assimilation and metabolism 
of nitrogen, and upon the intestinal putrefactive bacteria. The term 
fractional nutrition has been applied to such a division of the daily 
ration. The subjects were eight healthy young men. The experiments 
were of twelve days’ duration and each‘was divided into 2 equal periods. 
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The same quantities of bread, milk, butter and meat were consumed 
daily. Weak tea with a little sugar was taken as a beverage. As an 
index of bacterial action, the ratio of preformed sulphuric acid to 
ethereal sulphuric acid in the urine was determined. The preformed 
sulphuric acid was determined by the Salkowski method and the ethereal 
sulphates by Baumann’s method. The ratio of one to the other was not 
affected by fractional nutrition. 

Strauss and Philippsohn found that the administration of lactose 
caused a very marked reduction in the excretion of ethereal sulphates. 

Poehl, Biernacki, Hirschler and Winternitz obtained the same result 
by modifying the diet and giving only carbohydrates. Cohendy and 
also Leva found a lessened excretion of ethereal sulphates after the ad- 
ministration of lactic acid bacilli. Mester showed that partaking of 
high or tainted foods greatly increased the proportion of the urinary 
ethereal sulphates. Hoppe-Seyler found that a vegetarian diet dimin- 
ished the ethereal sulphates of the urine, and Strauss observed a decrease 
of more than one-half by adding 100 grm. lactose to the diet. Biernacki, 
Matteoda and Winternitz noted a decrease in the urinary ethereal 
sulphate with a milk diet; Poehl showed that sour milk diminished the 
amount of urinary ethereal sulphates. 

Rovighi and Embden found a decreased excretion in the ethereal 
sulphates by the use of kefir, and Rothmann, Gottwald and Krauss 
and Hirschler found a decreased excretion with a farinaceous diet. 

Investigations reported by Hawk indicated that the drinking of copi- 
ous (1000 c.c.) or moderate (500 ¢.c.) volumes of water with meals de- 
creased intestinal putrefaction as measured by the urinary indican out- 
put, and that copious water drinking caused a more pronounced lessen- 
ing of the putrefactive processes than did moderate water drinking. 
Softened water was employed in the experiments in question. 

Combe states that the normal excretion of ethereal sulphates in an 
adult is 0.1 to 0.15 grams per diem. This amount may be increased by 
a meat diet, hypochlorhydria, continued use of sodium bicarbonate, 
jaundice and constipation (Baar). The amount of ethereal sulphates 
may be reduced by vegetarian diet, lactose, milk-diet, sour-milk, farina- 
ceous diet, diarrhea and the internal use of hydrochlorie acid. 

Metschnikoff and Tissier found that the use of certain milk bacilli 
(bacillus of Massol) decreased the ethereal sulphates in the urine. Simi- 
lar results were obtained by Dunn (with buttermilk), Gaillard and 
Fournier (who used lactic acid ferment). Baar, however, could not con- 
firm these findings. 

Labbé and Vitry concluded that it was possible to establish a definite 
relationship between the variety of ingested albumin and the ethereal 


sulphates. They found that: 


1 gram of bread protein yielded 0.00355 grams ethereal sulphate. 
1 gram of egg protein yielded 0.00289 grams ethereal sulphate. 
1 gram of meat protein yielded 0.00236 grams ethereal sulphate. 
1 gram of milk protein yielded 0.00200 grams ethereal sulphate. 
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Upon feeding dogs with fat, Nasse found an increase in the ethereal 
sulphates, but as Magrangeas points out, Nasse does not say whether 
the fat was pure or contained some protein. Backmann found that the 
feeding of butter and cream did not influence the excretion of the 
ethereal sulphates. 

Labbé and Vitry found no effect on the ethereal sulphates of the 
feeding of fats. 

Hoppe-Seyler and Krause found that the feeding of carbohydrates 
reduced the output of ethereal sulphates in the urine. Eisenstadt ob- 
tained similar results. 

Adrian found that fractional feeding did not influence the excre- 
tion of ethereal sulphates in the urine. 

Schumann found that a dry diet increased the excretion of ethereal 
sulphates in the urine. 

Wereschagin experimented on ten healthy young men to see the effect 
of the feeding of glucose on intestinal decomposition of protein. Tle 
found that there was a marked reduction of the ethereal sulphates in the 
urine, and an increase of the neutral sulphur. 

Barteschevitch found that during constipation there was a marked 
increase in the urinary ethereal sulphates. Ie found 


During diarrhea—ethereal sulphates........ 0.269 grams 
During constipation—ethereal sulphates.... 0.497 grams 


Combe obtained similar results. Hoppe-Seyler found that in simple con- 
stipation there was no increase in the urinary ethereal sulphates. Pfun- 
gen, on the other hand, found an increased excretion of ethereal sul- 
phates during intestinal stagnation. Magrangeas concludes: ‘‘Consti- 
pation does not seem to have any direct influence whatever upon the 
elimination of sulpho-ethers.’’ 

Bunge and many others have found the ethereal sulphates of the 
urine increased four times with a meat diet. Stadelmann showed that 
the prolonged administration of sodium bicarbonate increased the uri- 
nary ethereal sulphates, and Wasbutzki noted that in all gastric condi- 
tions with hypo-acidity there was a considerable increase in the ethereal 
sulphates in the urine. 

Biernacki, Stadelmann, Kast, Jaweil, Schmitz and others found that 
the administration of hydrochloric acid lessened the quantity of ethereal 
sulphates in the urine. I. Strauss contradicted these results. Von 
Noorden stated that hyperacidity and subacidity of the stomach had no 
effect on the output of ethereal sulphates. 

In diseases of the gastro-intestinal tract, like typhoid fever and 
cholera, Bouchard reported increased amounts of ethereal sulphates in 
the urine. 

Simon stated that simple constipation was seldom accompanied by 
indicanuria. Jones, Haughton and others obtained similar results. 

Von Moraczewski found that feeding of thyroid tissue caused an 
increase in the elimination of indican. Fever has similar effects. 

De Lacrousville remarked that as long as the kidneys functionated 
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normally and excreted indican and ethereal sulphates, there was no 
danger of auto-intoxiecation, which was due to excess of indican in the 
blood. 

Haughton, Williams, MacKee, Darenberg, Perroy and others have 
found increased blood-pressure and albuminuria as accompanying fac- 
tors of indicanuria. 

Baar found the following positive indican reaction in men and 


women: 


Men (975) Women (1117) 
Indican Positive Indican Negative Indican Positive Indican Negative 
1930 1759 2224 2187 


No tests have been devised as yet to determine the functional capacity 
of the various portions of the small intestine and colon. 
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II. PANCREATIC FUNCTION TESTS 
By Max Kaun, M.A., M.D., Py.D. 


Analysis of duodenal contents, p. 52—Analysis of regurgitated duo- 
denal contents by examination of the stomach contents, p. 57— 
Analysis of feces, p. 59—Analysis of the urine, p. 83—Loewi’s 
adrenalin test, p. 88—Carbohydrate tests, p. 90. 


Sladden classifies the tests of pancreatic sufficiency under two main 
headings, with a number of subdivisions, thus: 


I. Tests of external secretion, dependent upon abnormalities in 
the ferments of the pancreatic juice. 
Oil test-breakfast. 
Duodenal intubation, 
Sahli’s glutoid capsule test. 
Tests of nucleoprotein digestion (Schmidt, Kashiwado, 
Franzig ). 
Azotorrhea. 
Creatorrhea, 
Tests for tryptic power of feces (Miller and Schlecht, 
Gross). 
8. Steatorrhea. 
9. Analysis of fat in feces. 
10. Tests for lipolytic power of feces. 
11. Von Ehrmann’s palmin test-meal. 
12. Test for diastatic power of duodenal contents. 
13. Test for diastatic power of feces. 
14. Estimation of lecithin in feces. 
15. Effect of administration of pancreatic preparations. 
II. Tests dependent upon other functions of the pancreas. 
The simpler characteristics of the urine. 
Ferments in the urine—diastase. 
Pentose derivatives in the urine—Cammidge. 
Glycosuria—actual or potential. 
Loewi’s adrenalin mydriasis test. 
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While this classification is quite a suitable, if cumbrous one, we shall 
discuss the tests of pancreatic function under the following headings: 


1. Analysis of duodenal contents. 
2. Analysis of gastric contents after various test-meals. 
3. Analysis of feces. 
4. Analysis of urine. 
51 
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Analysis of Duodenal Contents.—Einhorn has devised a _ tube 
whereby it is quite feasible to obtain the duodenal contents for analysis. 
Usually no difficulty is encountered in the insertion of the Einhorn 
duodenal tube (Fig. 8). The patient is given a cup of tea with sugar 
to drink on a fasting stomach. Forty-five minutes later the duodenal 
pump is inserted, and after the tube has reached the duodenum, the 
contents are pumped out and analyzed. The insertion of the tube is 
accomplished in the following manner: The capsule of the duodenal 
pump, as well as the lower part of the duodenal pump, is moistened with 
warm water and put into the pharynx of the patient. Then the latter 
drinks some water and the instrument thus soon passes into the stomach. 
To be certain that the capsule has not become stuck in the esophagus, 
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Fia. 8.—THE DUODENAL PUMP. 


A, metal capsule, lower half provided with numerous holes, the upper half com- 
municating with tube B. I, II, III, marks showing distance from capsule: I = 40, 
II = 56, IJI=70 cm. C, rubber band with silk attached to end of tubing, which 
can be placed over the ear of patient. D, three-way stopcock. LE, collapsible con- 
necting tube. F, aspirating syringe. (Einhorn.) 


it is well to have the patient shake his abdomen and to aspirate a syringe- 
ful of chyme. This can easily be identified as gastric contents. Now 
a syringeful of water and then one of air are passed through the instru- 
ment. The rubber tube is then clamped off and left alone for about one 
hour. The patient is told not to close his mouth too tightly, so that 
the tube is not retarded in its wanderings. The patient must also avoid 
intentional swallowing of the tube. Through the peristalsis of the stom- 
ach the capsule is pushed on farther, and usually passes through the 
pylorus into the duodenum and later into the beginning of the small 
intestine. It is best that the patient read some light literature in order 
to divert his attention. After one hour the distance that the capsule 
has progressed is examined. If the capsule is in the duodenum, a clear, 
golden-yellow, or watery liquid of alkaline reaction and somewhat viscid 
consistency is generally obtained. If, however, the capsule is in the 
stomach, an acid liquid resembling the one first obtained is removed. 
It is sometimes necessary to administer a dose of atropin to relax 
the pylorus and permit the duodenal tube to pass through the sphincter. 
The contents withdrawn are assumed to be duodenal contents if: (1) 
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a roentgenogram shows the tube in situ in the duodenum; or (2) if 
upon slowly withdrawing the tube while aspirating, a distinct differ- 
ence is noted between the contents obtained at the point marked 80 cm. 
and the contents withdrawn after the metallic capsule is felt suddenly 
to enter the larger cavity of the stomach (56 cm.). When the capsule 
lies in the duodenum, one obtains in the course of five minutes 10 to 40 
c.c. of golden-yellow fluid. This material enters the aspirating syringe 
drop by drop, or rhythmically, every 20 to 30 seconds, with a rapid gush 
of 1 to 2 cc. of material. This latter phenomenon is probably due 
to a peristaltic acceleration of the secretions entering the duodenum 
at the moment and to the periodic expulsion of gastric juice (Crohn). 

The contents of the duodenum are analyzed for amylase, lipase and 
alkali protease (trypsin). The following methods are used: 

AMYLASE.—In every one of several test-tubes is placed one c.c. of 
the fluid to be tested. Increasing amounts from 0.5 to 6.0 cc. of 1 per 
cent. starch solution (Kahlbaum’s soluble starch) are added to the suc- 
cessive test-tubes, and then water to bring the volume up to 10 ce. 
Incubation proceeds at 40° C. for one hour. - The material is then 
tested by adding Lugol’s solution drop by drop until the excess of iodin 
is apparent. The last tube in the series which fails to react for starch 
is the tube from which the reading is taken. The number of cc. of 
starch solution in this test-tube multiplied by the dilution (three) gives 
the factor accepted as representing the amylolytic activity of 1 c.c. 
of duodenal contents. 

LipasE.—To 10 ¢.c. of disilled water are added 1 c.c. of duodenal 
juice, 1 c.c. of ethyl butyrate, 1 c.c. of toluol, and a drop of 1 per cent. 
alcoholic solution of phenolphthalein, the whole is then made exactly 
neutral with N/10 NaOH and the total amount of fluid brought up to 
25 c.c. After stoppering, the flask is shaken forcefully for about fifteen 
seconds and again brought to the exact neutral point. A control test 
is always prepared, the duodenal juice of the control being boiled 
actively for five minutes before addition to the flask. After incubation 
for 24 hours at 40° C. the two flasks are titrated for free acid in the 
test-flask. The result multiplied by three (the dilution of the duodenal 
juice) denotes the lipolytic strength of the test-material. 

PROTEASE (Trypsin) .—To test for alkali-protease, Mett tubes, coagu- 
lated egg-albumen cubes, Fermi gelatin tubes and casein are utilized. 
The Gross-Fuld casein method is carried out as follows: 

This method is based upon the principle that faintly alkaline solu- 
tions of casein are precipitated upon the addition of dilute (1 per 
cent.) acetic acid, whereas its digestion products are not so precipitated. 
The method follows: Prepare a series of tubes each containing 10 c.c. 
of a 0.1 per cent. solution of pure, fat-free casein which has been 
heated to a temperature of 40° C. Add to the contents of the series 
of tubes increasing amounts of trypsin solution under examination, and 
place them at 40° C. for fifteen minutes. At the end of this time remove 
the tubes and acidify the contents of each with a few drops of dilute 
acetic acid. The tubes in which the casein is completely digested will 
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remain clear when acidified, while those tubes which contain undi- 
gested casein will become more or less turbid under these conditions. 
Select the first tube in the series which exhibits no turbidity upon 
acidification, thus indicating complete digestion of the casein, and cal- 
culate the tryptic activity of the duodenal contents. 

The unit of tryptic activity is an expression of the power of 1 cc. 
of the duodenal contents exerted for a period of fifteen minutes on 
10 e.e. of a 0.1 per cent. casein solution. 

From his study of the pancreatic function as measured by examina- 
tion of the duodenal contents, Crohn came to the following conclusions: 

The quantitative examination of the duodenal ferments is the most 
rational and accurate method of studying the external secretion of the 
pancreas. Diminution of such enzyme activity of the pancreas is a 
reliable sign of organic disease of the gland. Occasionally, though 
rarely, a diminution of ferments occurs as a symptom of advanced 
organic disease elsewhere in the body. Roughly the diminution of fer- 
ments is directly proportional to the extent of organic destruction 
which has taken place. The absorption of fat and nitrogen from the 
intestine is independent of the condition of the external secretion of 
the pancreas, or even of its presence. Absorption may be poor with 
an intact gland, or good with a gland of which only a fragment sur- 
vives the disease. The functional activity of the gland, not its organic 
condition, determines the degree of absorption; this is probably con- 
trolled by an internal secretion, or hormone. Duodenal ferment tests 
give the index of the organic condition of the pancreas. Absorption 
tests give the index of the functional activity of the gland. 

Frank succeeded in obtaining duodenal contents in 60 per cent. of 
the persons he examined. The cases were chosen at random and suf- 
fered no pancreatic disease. Examination of the duodenal contents in 
all these instances showed active alkali protease. The other ferments 
were not investigated. The inability of Frank to obtain the duodenal 
material desired in 40 per cent. of his assays is probably due to too short 
a time being allowed for the metallic capsule to enter the duodenum. 
This was obviated in Crohn’s series of cases by passing the pump in 
the evening and allowing the entire night to elapse before aspirating 
the desired material. Even then more than one attempt is sometimes 
required before success is attained. The procedure is a mild one and 
only rarely objectionable to the patient. 

Einhorn reports his study of the pancreatic secretion by means of 
the duodenal pump. In order to ascertain the condition of the duodenal 
contents in health, several apparently perfectly healthy persons were 
examined with regard to the state of their pancreatic secretion. They 
took the duodenal tube either at night before retiring or between 4 and 
5 A.M. with a glassful of water. They then slept, rose at 8 a.m. and 
called at his office in the fasting condition at 9 a.m., when the duodenal 
contents were obtained. The amount of ferments in normal individuals 
fluctuated as follows: Amylopsin 4 to 8 mm., steapsin 2 to 5 mm., 
trypsin 0.5 to 5 mm. The alkalinity as determined by titration with 
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N/10 HCl (using methyl orange as an indicator) varied between 15 and 
40. The rennet ferment was present in all. In looking over the results 
obtained by these examinations there exists a noticeable independence 
among the three different ferments with regard to the quantity in the 
same individual—one ferment may be present in large amounts, while 
the other two may be present in small amounts or may be altogether 
absent. The quantity of one ferment does not justify assuming that 
an equivalent quantity of another ferment is also present. It is thus 
necessary to test for each of the other two ferments separately. 

Landau and Reasnicki also strongly advised that the duodenal con- 
tents be analyzed for the three enzymes. The results that they obtained 
were very favorable. 

According to Chase and Myers, whose results in general corroborated 
those of Einhorn and his co-workers, the acidity of the gastric juice ap- 
pears to be without influence upon the activity of the enzymes present in 
the duodenal juice. In a case of carcinoma of the gall-ducts and pylorus 
with biliary obstruction, there was an entire absence of bile from the 
duodenal juice. In a case of chronic pancreatitis, the amylolytic and 
proteolytic activity was entirely negative, while the lipolytic activity 
was comparatively weak. The absence of pancreatic enzymes from the 
duodenal juice would appear to be positive evidence of either pancreati- 
tis or non-patency of the pancreatic ducts, while the lack of bile would 
appear to afford similar evidence of the occlusion of the common 
bile-duct. 

White used the duodenal tube in 90 cases: 56 for diagnosis and 34 
for treatment. The results that he obtained were very encouraging. 

In our experience the examination of the duodenal contents for pan- 
creatic enzymes has yielded very valuable information. The test-fluid 
ean be easily obtained, and the analytical methods are extremely simple, 
so that clinicians should devote more attention to this source of informa- 
tion regarding pancreatic sufficiency and the condition of the duodenal 
contents. 

It must be remembered, however, that the ptyalin of the saliva may 
yleld results simulating pancreatic amylase, that the pepsin of the 
stomach and the erepsin of the small intestines may hide the absence of 
trypsin, and that gastric lipase may be present and disguise the absence 
of pancreatic steapsin. If proper precautions are taken, however, these 
difficulties may be overcome. 

The accompanying table taken from Crohn’s work will show the 
results he obtained upon analyses of the duodenal contents and stools 
in a series of cases (Table 1). 

Of six cases of pancreatic disease studied by Einhorn, four showed 
absence of one or two ferments in the duodenal contents. In two cases 
of tumor of the pancreas the ferments were present. Cloudy turbid bile 
indicates gall-bladder or duct disease (Einhorn). 

Sladden has the following criticism for this method of pancreatic 
study: ‘‘From the standpoint of the practical clinician, the method is 
open to serious objections; patients do not appreciate spending the 
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TABLE 1.—ANALYSIS OF 





Amount | Reaction Bile 


Group A 
Case I Cholelithiasis ...........cccccceee. 7 ¢.¢. Acid — 
Case II Cholelithiasis ...........ccceeceees 15 ¢. ¢. Acid = 
CaseIII* |Cholelithiasis ..............e..c00. 35 ¢. ¢. Acid = 
CaseIV* /Cholelithiasis ................-0000, 10¢.c. | Neutral = 
Case V Cholelithiasis (before operation) ....] 27 ¢.¢. Acid — 
Group B 
Case VI Acute pancreatitis ................ 10 c.¢. Acid — 
Group C 
Case VIT Obstructive jaundice, new growth...| 12¢.¢. | Neutral 0 
Case VIII* |Obstructive jaundice, stricture....... 10 c.¢. Acid 0 
CaseIX* {Obstructive jaundice (a)........... 10 ¢.¢, Acid 0 
Duodenal sarcoma (D)...........0. 5 ¢. ¢. Acid 3 
Group D 
Case X Hypertrophic cirrhosis of liver...... 25¢,.c. | Neutral = 
Case XI Hypertrophic cirrhosis of liver...... 50 ¢. ¢. Acid = 
Group E 
Case XII {Duodenal ulcer .............-..05- 20 ¢.¢. Acid = 
Case XITI jGastric neurosis ...........cececec| ceeeee Alkaline — 
Case XIV (Gastric neurosis ............. bigs. 8 ec. Acid — 
Case XV Duodenal ulcer ...........0..eeeee- lb c.c. Acid = 
Case XVI {Duodenal ulcer, hour-glass ......... 3.5¢.¢. | Alkaline = 
Case XVII* (Carcinoma of stomach ............. 7 ¢.¢. Acid — 
Case XVIII |Achylia gastrica simplex ........... 4¢.¢. Acid — 
Group F 
Case XIX [Diabetes (juvenile) ............... 25 ¢.¢. Acid — 
Case XX Dia DeGves. ics cides ce basadie wees ars 9¢.¢. Acid — 
Case XXI (Diabetes (syphilis) ............... 15 ¢.¢. Acid aa 
Case XXII [Diabetes .............cccecevccees 3.5¢.¢. Aeid — 
Case XXIII |Diabetes, Milk diet ............000]  ceeeee Acid + 
Puller diet. 24.4 s0% se eeiokesanwac 25 ¢. ¢. Acid — 
Case XXIV |Diabetes, Chronic pancreatitis (7)... 3c.c. | Alkaline _ 
Group G 
Case XXV* [Retroperitoneal Hodgkin’s disease...| 40c.c. Acid — 
Case XXVI*|Abdominal sarcoma ............05- 12¢.¢. | Neutral — 
Group H 
Case XXVITiChronic colitis ........ cece eee ee] cee eee | wees + 


* Diagnosis confirmed by operation or autopsy (Crohn). 


night, or even a few hours with a tube down the esophagus, nor does 
the risk of injury to the stomach or the duodenum, where ulceration 
already exists, seem entirely remote.’’ In our experience, however, 
patients do not object very strenuously to this method, and we have had 
no accidents that would point to any danger arising from the intu- 
bation. 

A method has been devised for the simultaneous fractional analysis 
of the gastric and duodenal contents. (See p. 25.) We have found 
the height of pancreatic activity to be two hours after the Ewald test- 
meal in normal individuals. With an ulceration of the duodenum, the 
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DUODENAL CONTENTS (CROHN). 


SS RS aL SS Seg 


Duodenal Contents Stool 


a 
Casein | Fermi | Mett | Cubes |Amylase | Lipase! Casein |Fermi 









Amylase | Lipase 


ee | rr | eens | guerre | oeeeee 
eee 
A | A | eet: 


10 ce 0 lto 5800 — — — — sit es ae 
12¢.¢ 6.3 1 to 12000 — 0 — —_— ree ees aes 
30 ¢.¢. | 10.0 lto 1000 3 —_ — 0 0.1 |lto 700} — 
24¢.¢ 3.6 1 to 18000 10 2 + 10 0.25 {1 to 60000} 2 

0 0 lto 5000 10 — — — — — ae 

0 1.8 0 — — — 0 0.2 0 —_ 

4 2.4 |1to 4000! 3 | 08 a 0 0.3 0 0 
30 0 {1to 4000] (3) | — = ons gee = 

(5) 

0 0.5 0 a 0 — 0 0 0 as 

4 3.4 lto 600 3 0 — 2 0 jlto 200] 0 
27 — 1 to 18000 7 0 +- 8 15 |lto 3000| 0 
15 1.0 lto 4000 1] 0 — — ae eat sods 
20 — lto 6000 — —_ — ++ 15 jlto 5000; — 
+ = +4 [ —]— — 0 0 {1to 5000; — 

0 0 + — + — (1.0) —~ — 
+++] 0 +/ —}|—]; — | 6) |-—]f -— J - 
_ 2.4 lto 1400 10 — — — — — — 

9 5.4 0 — 0 —— — — a bs 

3 8.4 lto 4000 0.6 | Rennet 6.0 0.1 j1to030000| — 

- ; s Neg. 

4, Ae — 2 — — ~ — 

9 12.6 lto 4000 — 0 _ — _ — — 

30 2.7 lto 6000 (3) 0 -- ] 0 j1lto 700 
(7) 

1.5 6.0 to 4000} 2.5 — + 8 0.4 0 0 
(6) 0 to 34) (15) | — mee Sai ae ae ses 
(6) (0.6) |1to 4000] (15) 1 t — — — — 

1.5 1.2 to 500] (5) 1 2.5 3 |1to 125|) — 

(11) 

0 5.6 to 4000 8 1] ++ — —_ = = 
4 3.3 to 500 4 1.5 — 10 0.15 jlto 1700 0 

0) 0.6 1 to 12000 — = — = — =e —— 





maximum activity of the enzymes may be reached after three hours. 
In cases of reflex irritation due to appendicitis, gall-stones, etc., the 
curve of pancreatic digestion seems to be influenced to this extent— 
that there is a secondary rise in the amount of pancreatic digestion, 
after a fall which may last three-quarters of an hour. 

Analysis of Regurgitated Duodenal Contents by Examination of 
the Stomach Contents.—Spencer, Meyer, Rehfuss and Hawk reported 
a study of the duodenal regurgitation in the normal human stomach. 
They employed fractional removal of the gastric contents by means of 
the Rehfuss tube. The experiments were all carried out on normal in- 
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dividuals whose last meal was that of the previous evening. The pres- 
ence of bile and trypsin was used in determining whether regurgitation 
of duodenal contents had occurred. The authors found that trypsin 
is almost constantly demonstrable in the fasting and digesting contents 
of the normal human subject. The authors incline to the view that 
the human pylorus is controlled from the duodenum, acid fluid keeping 
the pylorus closed until the fluid in the duodenum is neutralized. 

Landau and Reasnicki found that the detection of trypsin in the 
stomach contents is more readily accomplished in the presence of a low 
degree of acidity. For clinical purposes only positive results are of 
value. If trypsin cannot be demonstrated in the stomach contents it 
does not by any means indicate that the external secretion of the 
pancreas is pathologically altered. In such cases direct intubation of 
the duodenum becomes necessary. The examination of the gastric 
contents for diastase in order to diagnose pancreatic disease or to prove 
a regurgitation of the duodenal contents is of no clinical value what- 
ever (Landau and Reasnicki). 

1. EHRMANN’s TEst.—Based upon the fact that neutral fat, free 
from fatty acid, is split up by the lipase from the pancreas, the result- 
ing acid forming green salts with copper, Ehrmann devised a color 
reaction which will enable one to determine the functional activity of 
the pancreas. Commercial palmin has proved to be the most suitable 
neutral fat. Other fats, such as butter and oil, cannot be used. Emulsi- 
fied fat in the form of milk or cream is also unsuitable, since it may 
be hydrolyzed by ferments other than pancreatic, although the butyric 
acid odor noted after the removal of these foods from the stomach is 
due chiefly to the action of pancreatic enzyme. The patient takes the 
following test-breakfast on the fasting stomach: About 30 grams of 
ordinary rice starch are dissolved in about one-fourth of a liter of 
water, and warmed somewhat. In this solution about 57 grams of 
palmin are stirred; the palmin is dissolved by heating. The mixture 
is drunk from a glass, and is allowed to remain in the stomach from 
two to two and one-half hours, when it is removed by means of a 
stomach-tube. In testing the gastric contents two solutions are required: 
Solution I, petroleum ether 90, benzol 10; Solution II, cupric acetate 3, 
distilled water to 100. A portion of the fatty gastric contents is 
shaken vigorously with an equal quantity of Solution I. The ether 
layer, after separation, is poured into a second test-tube, and is then 
shaken with an equal volume of Solution II. The ether which again 
separates is stained more or less intensely emerald-green, depending 
upon the concentration of fatty acids in the gastric contents. With 
no hydrolysis of the palmin, the ether remains water-clear. If the 
gastric contents are very acid, the reaction may be weak or may fail 
even with normal pancreatic secretion. In such a case it is advisable 
to repeat the test-breakfast, adding to it a teaspoonful of sodium 
bicarbonate. 

2. BOLDYREFF-VOLHARD OrL TEST-BREAKFAST.—Pavloff and Boldy- 
reff had found that the administration of oil on an empty stomach causes 
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a regurgitation of the duodenal contents through the pylorus. About 
200 or 250 c.c. of olive oil or cream are administered on a fasting stom- 
ach, and in from thirty to forty-five minutes the stomach contents, which 
have been rendered less acid by administration of milk of magnesia (as 
suggested by Lewinski), are removed and the tryptic activity ascertained. 

Frank regards the test as valuable to prove complete achylia pancre- 
atica, or if a series of tests be made on one patient, to gain useful 
information as to the tryptic function of the pancreas. In von Ehr- 
mann’s ease (1910) of chronic pancreatitis the oil test-breakfast was 
successful, and Mahlenburg, too, favored this method and rarely failed 
to find trypsin unless there was complete absence of pancreatic juice. 
A full account of this subject was given by Michailow in 1912, who 
collected 450 cases, in nearly 400 of which trypsin was found in the 
gastric contents after the test-meal. His analyses of the cases where 
trypsin was absent are not altogether convincing as evidence for the 
value of the test for diagnosis. 

The possibility of failure to regurgitate is always eaete Michailow 
insists that it is important for the patient not to retch, no easy thing 
to secure after swallowing about five ounces of olive oil neat (Sladden). 

Analysis of Feces—1. Awnatysis or Freces ror Pancreatic En- 
ZYMES.—T rypsin.—The fact that the feces normally contain traces of a 
proteolytic ferment was shown by Leo, Baginsky, Schmidt and others, 
while Hemmeter proved that it was trypsin, and not pepsin, since it 
digests fibrin in an alkaline or neutral, not an acid, medium. The experi- 
ments of Frank and Schittenhelm with fecal extracts passed through 
a porcelain filter have shown that the proteolytic action of the feces 
is not dependent upon the presence of bacteria. The earlier experi- 
ments were carried out with fibrin, or Mett’s tubes filled with white 
of egg or blood-serum, and it was not until Miller showed that drops 
of the fluid feces obtained by the administration of a purgative, such 
as calomel, or an emulsion of formed stool with glycerin, placed on 
a serum plate containing dextrose broth (Loffler), and incubated at 
50° to 60° C., gave, under normal conditions, pits due to the digestion 
of the solid serum, that the examination of the stools for trypsin as a 
diagnostic measure began to attract much attention. If the pancreas is 
functionating normally, evidences of digestive changes in the serum 
plate should be obvious in about half an hour. If no change has 
taken place in twenty-four hours, it may be concluded that there is 
pancreatic insufficiency. This method has, however, inherent difficul- 
ties which militate against its general use, and the test devised by Gross, 
or one of its modifications, is now more frequently employed. 

While some observers have failed to find trypsin in meconium by 
these methods, others state that it is usually present. There can be 
no doubt, however, that it quickly makes its appearance, and may usu- 
ally be detected witnin a short time after birth. In normal persons the 
tryptic activity of the feces is uninfluenced by the diet or by a diminu- 
tion in the acidity of the gastric juice by the administration of large 
doses of sodium bicarbonate (Schlecht). It is increased in diarrhea 
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and in conditions which stimulate peristalsis, thus hindering the ab- 
sorption and destruction of the ferment. Constipation, on the other 
hand, diminishes the quantity of trypsin in the stools. 

Schlecht states that he obtained only a feeble reaction in several 
cases of carcinoma of the stomach in which there was no mechanical 
obstruction of the pancreatic ducts, and explains this result by suggest- 
ing that a diminished activity of the pancreas was produced by the 
gastric disease or by the associated cachexia. In a case of poisoning 
by corrosive sublimate, with markedly bloody stools, no proteolytic action 
could be obtained with the feces owing to the antiferment present in 
the blood-serum. In the experience of most observers, a negative result 
is most constantly obtained in cases of cancer of the head of the pancreas, 
and it is therefore an exceedingly useful test in the diagnosis of that 

disease. Cirrhosis of the pancreas and obstruction of the duct by gall- 
gtones, ete., interfere more or less with the digestion of proteins by 
extracts of the feces, but rarely give rise to such very striking results 
as are seen in cases of growth in the head of the pancreas. 

Crohn thus discusses the identity of the proteolytic ferments of the 
duodenal contents and of the stool: 

‘“To return to a consideration of the alkali-protease found in duo- 
dena] content, one must consider that we are dealing with two ferments, 
trypsin and erepsin. Erepsin originates from two sources, the duodenal 
mucosa (Cohnheim) and from the pancreas (Bayliss and Starling). 
Schaffer and Terroine, experimenting with the excretion of an arti- 
ficial pancreatic fistula in the dog, showed that in fluid in which 
trypsinogen was present but not activated by enterokinase, an ereptic 
ferment with peptone-splitting properties was still present. Of the 
test for alkali-protease, neither the Mett tubes nor the coagulated egg- 
albumen cubes are attacked by erepsin; nor are the Fermi gelatin tubes 
digested by erepsin. To establish this latter point, three fresh extracts 
of duodenal mucous membranes containing active erepsin (one cat, one 
dog and one human intestine) were prepared after the method of Cohn- 
heim. None of these extracts liquefied gelatin even after three days. 

‘“These same extracts in their most concentrated form were tested 
for the casein-digesting power of the intestinal mucosa. That the diges- 
tive power of these intestinal extracts is only a very slight fraction of 
the same power of the pancreatic secretion is seen by a comparison of 
the results obtained. Thus cat mucosa extract in dilution of 1 to 15, 
dog mucosa extract 1 to 140, human mucosa extract 1 to 10 digested 
10 «ec. of 0.1 per cent. casein solution; normal human duodenal con- 
tents containing pancreatic secretion digests the same amount of casein 
in dilution up to 1 to 10,000. It seems, therefore, fair to deduce that 
the amount of erepsin present both in the mucous membrane of the 
duodenum and in the pancreatic secretion could not account for the 
active proteolysis of casein as found in duodenal contents. Hence, we 
seem justified in assuming that the pancreatic trypsin is the active 
factor here and erepsin, while unquestionably present, yet of little 
moment in the tests, as carried out. 
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‘CA similar process of reasoning seems justified in discussing the 
results of the stool examinations; for, if the concentrated extract of 
normal duodenal mucosa digests casein in dilution of only 1 to 10, 
how can we explain the proteolysis of casein in dilutions of the stool 
up to 1 to 10,000 or 1 to 20,000, as frequently found, except on the 
hypothesis that it is the much more powerful pancreatic trypsin that 
is appearing in the stool.’’ 

Frank and Schittenhelm, by means of complicated polypeptic split- 
ting experiments, seem to demonstrate that the protease present in the 
stool is erepsin, rather than trypsin. It is difficult to harmonize their 
findings with such simple facts as the above. The occasional finding 
of a ferment in the stool which liquefies gelatin, would tend to confirm 
the impression that this ferment derives its origin from the pancreas. 
That bacteria do not stimulate the results of the human ferments 
seems established by the fact that a case in which the pancreatic ducts 
have been proved to be closed gave complete negative results in both 
duodenal and stool analyses. 

Trypsin is demonstrated in the stools by the following methods: 

(a) The Serum-plate Method.—Miiller and Schlect found that tryp- 
sin would act upon the surface of a serum agar plate, producing small 
depressions. They demonstrated by this method the regular occurrence 
of trypsin in normal feces. The plates were kept at a temperature of 
00° or 60° C., so that bacterial action was prevented. In several cases 
of primary and secondary disease of the pancreas trypsin was absent 
from the feces or greatly diminished. A number of investigators have 
found this method of value. It yielded positive results in 5 out of 6 
cases of pancreatic disease examined by Hirschberg. 

(b) The Casein Method.—Casein in alkaline solution is precipitated 
by acidifying with dilute acetic acid. When the casein is digested by 
trypsin the addition of acetic acid produces no clouding of the solution. 
This is the basis of a method introduced by Gross for detecting the 
presence of trypsin. More than 200 stools were examined by him, and 
in all cases in which disease of the pancreas could be excluded a protein- 
splitting ferment was present in the feces. Brugsch and Masuda have 
concluded from their investigations that the strong splitting of casein 
produced by fecal extracts cannot be attributed to erepsin. Spooner 
and Pratt, in a recent case of cancer of the pancreas, found that the 
power of the feces to digest casein was entirely lost. In a case of 
fatty diarrhea, probably due to pancreatic hypochylia, the amount of 
trypsin in the feces was greatly reduced. In this case the cell-nuclei 
were not digested in the Schmidt’s beef cubes, and after administra- 
tion of Sahli’s glutoid capsules no reaction was obtained in the urine 
even at the end of twenty-four hours. . 

Gray and Pickman studied pancreatic ferments in cases of pulmonary 
tuberculosis. Trypsin and amylopsin were determined in the stools 
in a series of nearly one hundred cases of tuberculosis and it was found 
that the pancreatic secretion was seriously reduced by the toxins of 
tuberculosis. Rest, either in bed or by means of pneumothorax, reduced 
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the formation of toxins and permitted the pancreatic ferments to re- 
turn toward normal. <A persistently low trypsin index was found to be 
of bad prognostic significance, but low amylopsin readings were less 
unfavorable. The interpretation of the index must always take into 
consideration anorexia, overeating and diarrhea. 

Zuccola states that an examination of ferments in the feces is a 
useful aid in the diagnosis of pancreatic efficiency when taken in 
conjunction with other methods. It is not absolute in its indications, 
nor does it yield results which can be regarded as quantitative. As 
with so many other tests of pancreatic activity, a positive outcome 
pointing to absence of trypsin has more value than a negative result, 
especially in view of possible interference from other proteolytic enzymes 
(Sladden). 

Amylase (Diastase).—The presence of diastase is shown by the 
digestive action that it has upon starch, using a solution of iodin as 
the indicator. 

The following is Robert and Strassburger’s method, as modified by 
Goiffon and Tallarico: A 1-per cent. solution of starch is mixed with 
an equal part of 10-per cent. solution of the feces in thymol water, 
neutralized, filtered. The filtrate is placed in the incubator at 37° C., 
and at regular intervals a drop is brought in contact with a drop of 
iodin solution. When it ceases to give a blue color, the digestion of the 
starch is considered to be complete. The stool should be fresh, and 
there should not be the slightest admixture of urine. It is often enough 
merely to mix the stool and the starch solution in a test-tube, heat in 
a water-bath, and apply the iodin test. If an abundance of amylase 
is present the starch will be digested in about five minutes. 

Wohlgemuth has adopted the following quantitative method for de- 
termining the diastase in the stools. The fresh feces are well mixed, 
and five grams are thoroughly ground in a mortar with 20 c.c. of 1 per 
cent. solution of sodium chlorid, added a small quantity at a time. The 
emulsion is then left for half an hour at the room temperature, and fre- 
quently stirred meanwhile. It is now divided equally into two portions 
of 10 cc. each, and is transferred to graduated centrifuge tubes, which 
are centrifugalized until all the solid material is collected at the bottom 
and stands at the same height in both tubes. The quantities of sedi- 
ment and supernatant fluid are noted. Nine test-tubes are now taken. 
Into the first three are placed 1.0 ¢.c., 0.5 ¢.c., 0.25 ¢.e. of undiluted ex- 
tract; into the next three, 1.0 ¢.c., 0.5 ¢.c., 0.25 ¢.e. of an eight-fold dilu- 
tion of the original extract, made with 1 per cent. sodium chlorid; and 
into the last three, 1.0 c.c., 0.5 ¢.c., 0.25 ¢.c. of a sixty-four-fold dilution, 
so that each tube contains half the fecal extract of the preceding: 


lst tube .... 1.0 6th tube .... 0.0312 
2nd tube .... 1.9 7th tube .... 0.0156 
3rd tube .... 1.25 8th tube .... 0.0078 
4th tube .... 0.125 9th tube .... 0.0039 


5th tube .... 0.0625 
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To each tube 5 ¢c.c. of a 1 per cent. solution of starch are then added. 
The tubes are now plugged with wool, or closed with corks, and placed 
in the incubator at 38° C. for twenty-four hours. At the end of that 
time, they are filled, within a fingerbreadth of the brim, with cold dis- 
tilled water, one drop of a decinormal iodin solution is added to 
each, and the lowest dilution giving a blue reaction looked for. It is 
then assumed that the tube next lowest in order contains sufficient 
diastase to convert all the added starch, and from this the quantity of 
1 per cent. starch solution fermented by 1 c.c. of the fecal extract can be 
calculated. Knowing the proportion of solid residue liquid extract in 
the 5 grams of feces, the quantity of ferment corresponding to 1 c.c. 
of this residue can be determined, and from this the diastatic power of 
the total daily mass of feces can be determined. According to Wohlge- 
muth and Wynhausen, the average diastatic value of the feces lies 
between 470 and 500. To obtain satisfactory results, the feces must be 
homogeneous and alkaline in reaction, as diastase does not act in an acid 
medium. It is advisable to place the patient on a simple mixed diet, 
calculated to stimulate the functions of the pancreas to normal activity, 
for a couple of days before the feces are collected for examination. 

Quantitative Determination of Fecal Amylase-——Hawk’s Method.— 
Weigh accurately about 2 grams of fresh feces into a mortar, add 8 c.e. 
of a phosphate-chlorid solution (0.1 mol dihydrogen sodium phosphate 
and 0.2 mol disodium hydrogen phosphate per liter of 1 per cent. sodium 
ehlorid), 2 ¢.c. at a time, rubbing the feces mixture to a homogeneous 
consistency after each addition of the extraction medium. Permit the 
mixture to stand at room temperature for a half-hour with frequent 
stirring. We now have a neutral fecal suspension. Transfer this sus- 
pension to a 15 c.c. graduated centrifuge tube, being sure to wash the 
mortar and pestle carefully with the phosphate-chlorid solution and add 
all washings to the suspension in the centrifuge tube. The suspension 
is now made up to the 15 c.c. mark with the phosphate-chlorid solution 
and centrifugated for a 15-minute period, or longer if necessary, to 
secure satisfactory sedimentation. At this point, read and record the 
height of the sediment column. Remove the supernatant liquid by means 
of a bent pipet, transfer it to a 50 c.c. volumetric flask and dilute it 
to the 50 ¢.c. mark with the phosphate-chlorid solution. Mix the fecal 
extract thoroughly by shaking and determine its amylolytic activity. 
For this purpose a series of six graduated tubes is prepared, containing 
volumes of the extract ranging from 2.5 c.c. to 0.078 ec. Each of the 
intermediate tubes in this series will thus contain one-half as much 
fluid as the preceding tube. Now make the contents of each tube 2.5 e.c. 
by means of the phosphate-chlorid solution in order to secure a uniform 
electrolyte concentration. Introduce 5 c.c. of a 1 per cent. soluble starch 
solution and three drops of toluol into each tube, thoroughly mix the 
contents by shaking, close the tubes by means of stoppers and place 
them in an incubator at 38° C. for 24 hours. At the end of this time 
remove the tubes, fill each to within half an inch of the top with ice- 
water, add 1 drop of tenth-normal iodin solution, thoroughly mix the 
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contents and examine the tubes carefully with the aid of a strong light. 
Select the last tube in the series which shows entire absence of blue 
eolor, thus indicating that the starch has been completely transformed 
into dextrin and sugar, and calculate the amylolytic activity on the 
basis of this dilution. In case of indecision between two tubes, add an 
extra drop of the iodin solution and observe them again. 

The amylolytic value, Df, of a given stool may be expressed in terms 
of 1 e.c. of the sediment obtained by centrifugation as above described. 
For example, if it is found that 0.31 ¢c.c of the phosphate-chlorid extract 
of the stool acting at 38° C. for 24 hours completely transformed the 
starch in 5 c.c. of a 1 per cent. starch solution, then we would have the 
following proportion: 


0.31 «.e. extract: 5 ¢.c. starch::1 ¢.c. extract: x 


The value of z in this case is 16.1, which means that 1 c.c. of the fecal 
extract possesses the power of completely digesting 16.1 c.c. of a 1 per 
cent. starch solution in 24 hours at 38° C. 

Inasmuch as stools vary so greatly as to water content, it is essential 
to an accurate comparison of stools that such comparison be made on 
the basis of the solid matter. Supposing, for example, that in the above 
determination we had 6.2 c.c. of sediment. Since the supernatant fluid 
was removed and made up to 50 c.c. before testing its amylolytic value, 
it is evident that 1 ¢.c. of this sediment is equivalent to 8.1 ¢.c. of extract. 
Therefore, in order to derive the amylolytic value of 1 ¢.c. of sediment, 
we must multiply the value (16.1) as obtained above for the extract, 
by 8.1. This yields 130.4 and enables us to express the activity as 
follows: 


Df38, = 130.4 


The above method of calculation is that suggested by Wohlgemuth. 
In case time and facilities permit of the determination of the moisture 
content of the feces, it is much more accurate and satisfactory to place 
the amylolytic values of the stools on a “‘gram of dry matter’’ basis. 
The amylolytic values of the stools are expressed as the number of 
e.c. of 1 per cent. starch solution which the amylase content of 1 gram 
of dry feces is capable of digesting. 

Amylase was first demonstrated in the feces of infants by Weg- 
scheider. Later von Jaksch, Maro, Allaira, and others showed that the 
feces of children constantly contain it. It is found during the first week 
of life in abundance, and Pottevin proved that it is constantly present 
in meconium. The quantity appears to diminish somewhat in later life, 
but, according to Strassburger, it never entirely disappears. It has been 
suggested thatthe diastatic action of fecal extracts on starch might be 
due to the contained bacteria, but the experiments of Kerley, Mason 
and Craig have proved that an extract freed from bacteria by filtration 
through a Berkefeld filter has an unchanged action on starch. The 
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amount present in the stools appears to vary within very wide limits 
normally, perhaps as a result of changes in the diet. Diarrhea increases 
the quantity, and constipation generally diminishes it. In diseases of 
the pancreas interfering with the flow of pancreatic juice into the in- 
testine, the digestive action of an extract of the feces for starch is dimin- 
ished, or may be altogether abolished; thus in many cases of cancer of 
the head of the pancreas Cammidge has obtained an unchanged blue 
reaction with iodin after twelve or even twenty-four hours’ incubation ; 
but with growths of the gall-bladder and-common duct that did not 
obstruct the pancreatic duct, starch digestion has not been interfered 
with. 

From Brown’s study on-the diastase content of feces in normal and 
in certain pathologic conditions the following conclusions are drawn: 
The stool, if a rigorously exact method is carried out as to food, purga- 
tive employed, preservation of specimen, estimation of ferment, etc., 
furnishes a diastase content within definite limits. The effect of waiting 
too long after the stool has been obtained before making the examination, 
and the influence of variations in temperature in the place in which it 
is kept and of different laxatives and different foods, are so great as to 
render results, obtained by methods in which insistence on such a rigor- 
ous technic has not been made, of much less value. 

Extensive carcinoma of the pancreas showed no diastase in the tube 
of lowest dilution in Brown’s method, and this absence of ferment should 
prove of great help in the diagnosis of this condition. In chronic pan- 
creatitis diastase was present in the stool, but in markedly diminished 
amounts. In achylia gastrica the diastase content of the stool was prac- 
tically normal in all the cases examined. This, in the first place, suggests 
that in the absence of hydrochloric acid some other method of pancreas 
activation is called into play, and, in the second place, that the diarrhea 
met with in certain of these cases of achylia gastrica—the so-called 
gastrogenous diarrhea—is not of pancreatic origin. 

Gerganoff points out the possibility of error in the quantitative 
determination of enzymes in the feces through the admixture of blood. 
Blood, whether it be from the stomach or intestines, may lead to con- 
siderable increase of the fecal ferments (Gerganoff studied diastase par- 
ticularly). Especially intestinal hemorrhages, when large, produce a 
decided increase. But gastric hemorrhages, when hydrochloric acid is 
lacking, may lead to similar results. When free hydrochloric acid is 
present in the stomach it may be concluded with reserve that a bloody 
stool rich in diastase is not due to gastric hemorrhage, but to bleeding 
from the duodenum or lower portions of the intestine. This point may 
prove useful in the diagnosis of a gastric ulcer or in its exclusion. 

As has been previously stated, Crohn considers the quantitative 
analyses of the feces and duodenal contents for enzymes to be the most 
logical and fruitful method for the diagnosis of pancreatic insufficiency. 
There are, of course, other factors which influence the absorption of food 
besides the pancreatic ferments. But, generally speaking, a lessening of 


the pancreatic enzymes is directly indicative of some organic pathological 
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process in the gland. According to Crohn, the absorption and assimi- 
lation of foods may run an independent curve, altogether neglectful of 
the diminution of the pancreatic enzyme output, and he states that 
absorption may be poor with an intact gland or good with a gland of 
which only a fragment survives the disease. While the author cannot 
entirely subscribe to this opinion, it can be stated that the examination 
of the various secretions and excretions for pancreatic enzymes yields 
excellent diagnostic results. 

Lipase in the stools has little significance so far as pancreatic disease 
is concerned. In 1875, Pfeiffer showed that the feces contain a fat- 
splitting ferment. It is not derived from the pancreas, but appears to 
come from the intestinal mucous membrane, although a bacterial origin 
cannot be altogether excluded. Hecht has proved that the stools of 
infants contain a ferment which has the power of splitting the fats 
contained in the yolk of eggs by the Voldard-Stade method: 

The yolks of three eggs are emulsified with 100 ¢.c. of water. Ten c.c. 
of this are mixed with the specimen to be tested, and the mixture is 
placed in the incubator for two or three hours. It is then well shaken 
with 75 ¢.c. of ether and left to stand, the separation of the ether being 
promoted by the addition of a few c.c. of neutral aleohol. With a 
pipet, 50 ¢c.c. of the ether are removed and mixed with 75 c.c. of neutral 
alcohol and titrated with decinormal soda. The mixture is then placed 
in a flask, 10 c.c. of normal soda solution are added, the flask is well 
corked, and left at the room temperature for twenty-four hours. Ten e.c. 
of normal hydrochloric acid are now added, and the mixture is again 
titrated with decinormal soda. In both titrations phenolphthalein is used 
as the indicator. The result of the first titration gives the fatty acids, 
and the second the soaps that have been formed. From these the amount 
of fat that has undergone saponification can be reckoned. 

Another method is to incubate the admixture of fluid to be tested with 
ethyl butyrate for a few hours. If the mixture has been previously 
rendered neutral, the presence of butyric acid can be recognized by its 
action on neutral litmus, or it may be titrated with decinormal soda and 
phenolphthalein. 

According to Hemmeter, the fat-splitting ferment contained in an 
extract of feces does not act upon olive oil. Hecht could not find any 
parallelism between the quantity of lipase in the stools and the amount 
of neutral fat, fatty acids and soaps in the feces. 

2. CHEMICAL ANALYSIS OF THE FECES FOLLOWING THE SCHMIDT- 
STRASSBURGER Diet.—The diet consists of ‘‘1.5 liters milk, 100 grams 
zwieback, 2 eggs, 50 grams butter, 125 grams beef, 190 grams potatoes 
and gruel of 80 grams oatmeal. It contains about 102 grams albumin, 
111 grams fat, 191 grams carbohydrates, or a total of 2234 calories.’’ 

In the morning: 0.5 liter milk (or if milk does not agree, 0.5 liter 
cocoa prepared from 20 grams cocoa powder, 10 grams sugar, 400 grams 
water and 100 grams milk) and 50 grams zwieback. 

In the forenoon: 0.5 liter oatmeal gruel (made from 40 grams oat- 
meal, 10 grams butter, 200 c.c. milk, 300 ¢c.c. water, 1 egg; strained). 
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At noon: 125 grams chopped beef (raw weight), broiled rare with 
20 grams of butter, so that the interior will still remain raw, and 250 
grams potato broth (made of 190 grams mashed potatoes, 100 ¢.c. milk 
and 10 grams butter). 

In the afternoon: As in the morning. 

In the evening: As in the forenoon. 

In the recognization of severe pancreatic disease there is no single 
symptom of greater significance than bulkiness of the stools. This is a 
diagnostic sign to which Osler, Musser and others have called attention. 
Much information can often be gained from the weight of dried stools, 
and this can be ascertained even when facilities are not available for 
exact chemical analyses. All that is necessary in addition to scales for 
weighing is a water bath and a ventilating hood. With pancreatic juice 
absent from the intestine, not only are the stools voluminous, but the 
dried residue is much in excess of the normal. 

In a series of six healthy individuals placed on the test-diet for 
three days, Schmidt found the average weight of the dried feces to be 
o4.3 grams. The maximum was 62 grams and the minimum 45 grams. 
Pratt found in a case of obstructive jaundice associated with malignant 
disease of the pancreas that the weight of the dried feces was 419 grams 
in one metabolism period of three days, and 355 grams in another. In 
a patient with chronic fatty diarrhea and glycosuria without icterus the 
feces weighed 438 grams. 

The increase in weight of the feces which results from shutting off 
the pancreatic juice from the intestine was well shown in our animal 
experiments. In a preliminary absorption test with the dog in normal 
condition the weight of the dried food in a period of three days was 
624 grams, and the weight of the feces 140.4 grams. In a metabolism 
experiment of the same duration begun five days after separating the 
pancreas from the duodenun, the weight of the dried food was reduced 
to 416 grams and that of the feces increased to 302.7 grams. 

In none of the cases studied by Schmidt was such a marked increase 
in weight of the feces observed as in Pratt’s 2 cases of pancreatic disease. 
The average weight of the feces in 5 cases of ‘‘fermentative dyspep- 
sia’’ reported by him was 127.4 grams; the average in ‘‘gastrogenous 
diarrhea’’ with achylia was 98.9 grams. His highest figures were in 
obstruction of the common bile-duct, where the average weight was 175.6 
grams, and the maximum 215.4 grams. There are no observations on 
cases of obstruction of the pancreatic ducts given by Schmidt. It seems 
to Pratt that the possibility of shutting off the pancreatic secretion by an 
obstruction in the lower part of the common bile duct should be recog- 
nized, This may be the explanation of the heavy weight of the feces 
in 2 of his cases. 

In a number of cases of pancreatic disease, metabolism studies have 
shown a great interference with the absorption of fat of nitrogen. Mor- 
rison and Pratt made a metabolism experiment on a patient presenting 
the typical symptoms of total obstruction of the pancreatic ducts. There 
was no jaundice. It was found that 58.9 per cent. of the fat of the 
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food was excreted in the feces. The percentage of nitrogen unabsorbed 
was 50.9 per cent. Normally not over 5 or 10 per cent. of the fat or 
nitrogen of the food is lost in the feces. 

In a metabolism experiment on a patient with cancer of the pancreas 
and obstructive jaundice, Spooner and Pratt found that 79.9 per cent. 
of the fat of the food was excreted in the feces and 34.8 per cent. of 
the nitrogen. 

Harley has reported a case of probable obstruction of the pan- 
creatic ducts without jaundice, in which there was a fat loss of 73.1 per 
eent. In a case of cirrhosis and atrophy of the pancreas, combined with 
cirrhosis of the liver, Weintraub found a fat loss of 25.2 per cent.; 
Deucher, in cancer of the pancreas, found fat losses of 82.9 per cent. 
and 52.6 per cent.; Brugsch and Konig, in a case of abscess of the pan- 
creas, 59.7 per cent. (absorption experiment of only one day’s duration). 
Blassner and Siegel, in a case of atrophy of the pancreas due to a 
calculus, found a fat loss of 56.1 per cent.; Gigon, in a case of pan- 
creatic calculi with obstruction of the ducts, a maximum fat loss of 
47.4 per cent. and a minimum of 13.5 per cent.; Ehrmann, in atrophy 
of the pancreas, 50.2 per cent.; Tileston, in 5 cases of cancer of the 
pancreas with icterus, fat losses of 75.6 per cent., 68 per cent., 52.6 per 
cent., 45.6 per cent., 49.1 per cent. 

In Harley’s case there was a nitrogen loss of 40 per cent.; Weintraub 
found a nitrogen loss of 60.6 per cent.; Deucher, 29.6 per cent. in one 
case and 19 per cent. in the other. Glaessner and Siegel, 41.5 per cent. ; 
Gigon, 24.7 per cent.; and Ehrmann, 428 per cent.; Tileston in three 
eases, 19.8 per cent.; 14.5 per cent.; and 21.1 per cent. Brugsch found 
an average fat loss of 45 per cent. in three cases of icterus, but the 
nitrogen loss averaged only 11 per cent. If 50 per cent. or more of the 
fat and 25 per cent. of the nitrogen of the food are recovered from the 
feces the conclusion is warranted that pancreatic insufficiency exists. 

While the method of chemical analysis of the feces is more difficult 
than the other tests, it yields results which are of greater value. Of 
course these examinations can only be carried out in a well-equipped 
laboratory, and better still in a hospital laboratory. 

3. AZOTORRHEA.—Azotorrhea as a test for pancreatic insuficiency Is 
well discussed by Sladden. 

The term azotorrhea is used to denote an excessive excretion of nitro- 
gen compounds in the feces, the inference being made that such com- 
pounds are present owing either to failure of digestion of proteins or 
to failure of absorption of products of digestion. 

The determination of the nitrogen content of the feces is a process 
only to be undertaken by a skilled chemical pathologist, and as a clin- 
ical test, it is ruled out in ordinary conditions of practice. Moreover, 
to place such determinations upon a sound basis, a complete metabolism 
experiment has to be made, with estimations of nitrogen intake and 
output. 

As with all other investigations of the proteolytic activity of pan- 
creatic juice, the disturbing effect of other ferments, pepsin, erepsin and 
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protedlytic agents of bacterial origin complicates and obscures the 
issue ; while, on thé éther hand, disease of the absorbing areas of the intes- 
tine, tubet'¢ulosis ulceration or degeneration and atrophy of the mucous 
mentbrane may lead to deficient absorption of nitrogen products which 
have not suffered from lack of pancreatic juice to break them down. This 
being so, one can hardly agree with Barbour that azotorrhea is a cardinal 
sign of pancreatic disease except with the proviso that the mechanism 
of absorption in the small intestine is not deranged. 

A review of work done on this subject shows quite unmistakably 
that azotorrhea is a common feature of pancreatic disease. Deaver, 
Tilestone, Pratt, von Ehrmann, O. Gross, Barbour and Brugsch have all 
communicated cases in point, whereas there appear to be few records 
of completely normal] utilization of nitrogen in the presence of definité 
pancreatic disease. Delfino has published a case of pancreatic cyst where 
this was so. 

A very interesting feature in most of the cases recorded is the 
tendency of extracts of pancreatic gland to improve nitrogen absorption. 
Von Ehrmann’s patient (1910), with chronic pancreatitis and a loss of 
nitrogen equal to 43 per cent. of the intake, when given pancreatin lost 
only 17 per cent. of the nitrogen in the diet, although this represented an 
ifi¢reased intake. In an interesting and valuable series of tests on two 
cases, one with chronic pancreatitis without icterus, the other with icterus, 
the result of syphilitic cirrhosis, the same author found the nitrogen loss 
in the pancreatic case was 34 per cent. of the intake, that of the icteric 
case, 12 per cent. Pratt’s account of seven cases with pancreatic dis- 
ease showed a great increase of nitrogen loss, from the normal 5 per cent. 
or 10 per cent. to 30 per cent. or 40 per cent., and animal experiments 
confirm this. He quoted Tilestone for cases of icterus with carcinoma of 
the pancreas where loss of both fat and nitrogen was increased; that 
icterus alone, however, has little influence on nitrogen absorption 
is shown by Ehrmann’s case above mentioned and by Brugsch’s experi- 
ence that in uncomplicated icterus the nitrogen loss may be 11 per cent., 
but with a pancreatic lesion added it will rise to 33 per cent. 

Brugsch makes an interesting suggestion that in cases where acidosis 
is present, as an advanced diabetes, this may reduce the alkalinity of 
the duodenal and intestinal contents and so impair ferment activity and 
lead perhaps to an augmentation of fat and nitrogen excretion. There 
does not appear’ to be any experimental work in support of this theory, 
but against it can be adduced the experiments of Long and Muhlmann, 
who showed that in vitro trypsin can withstand an acidity of more than 
0.3 per cent. HCl for half an hour at 40° C. If pepsin be present also 
a distinct retardation of tryptic activity is caused. Their experiments 
also showed that commercial preparations of pancreatic gland tapidly 
deteriorate below the pharmacopeial standards. In two cases reported 
by Gross doses of twenty tablets daily of pankreon (rhenania) produced 
no effect on nitrogen absorption, but by doubling the dose a marked 
benefit was obtained. With the use of raw pig’s pancreas, 75 grams per 
day, an even greater improvement occurred. Cammidge’s experience with 
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new gland as compared with dry preparations is similar. Mosenthal, 
in a case of glycosuria with creatorrhea, steatorrhea and absence of 
trypsin in the stools, gave pankreon without effect, but on substituting 
150 grams of raw sheep’s pancreas he observed very great improvement 
in fat and protein digestion. The improvement was so great in the case 
of fat that acidosis tended to increase. 

Although other and simpler tests render observations on nitrogen loss 
in the stools a rather unsatisfactory method for diagnosis, nevertheless 
it is probably true that pancreatic insufficiency is the most usual cause 
of azotorrhea, and if metabolism experiments be undertaken with obser- 
vations on the influence of pancreatic preparations on nitrogen absorp- 
tion, much valuable information can be gained both for diagnosis and 
the direction of treatment. Tilestone (1912) regards the determination 
of nitrogen loss quite as valuable for diagnosis as fat determinations, 
and in the absence of intestinal disease impairing absorption he regards 
a nitrogen loss of more than 30 per cent. as being strongly suggestive of 
pancreatic disease. 

4, SrEATORRHEA.—Miiller observed that the feces contained a larger 
percentage of unsplit fat, that is, of neutral fat in his cases of pan- 
creatic disease than in other conditions studied. Zoja asserted that 
a low percentage of soaps was of diagnostic value. Fitz, in 1903, col- 
lected 11 cases from the literature in which an analysis of the fecal 
fat had been made; while in health, from 20 to 30 per cent. is in the 
form of neutral fat, in 9 out of the 11 cases of disease of the pancreas 
the percentage of neutral fat was increased. 

Pratt has made analyses of the fecal fat in 7 cases of undoubted pan- 
creatic disease. The fat extractions were made according to Rosenfeld’s 
method. In the determination of the neutral fat, fatty acids and soaps, 
Miiller’s procedure was followed. 

In all but one of these cases steatorrhea occurred. The percentage 
of fat ranged from 28.8 to 72.8, while normally the feces contained less 
than 25 per cent. In 4 of the 7 cases there was an increase in the neutral 
fat, but not sufficiently great to be of distinct diagnostic value. A very 
low percentage of soaps was found in 3 of the 7 cases. 

Cammidge gives the tables quoted below of fat analyses of the feces 
in pancreatic and non-pancreatic disease. (Tables 2-9.) 

Cammidge states: ‘‘Considering first the relation of the ‘unsoaped’ 
fat (neutral fat and free fatty acids) to combined fatty acids, it will 
be seen that the effect of interference with the functions of the pancreas 
has been as a rule to increase the proportion of unsoaped fats, while 
obstruction of the bile flow and intestinal catarrhs have tended to raise 
the percentage of combined fatty acids. The influence of disease of the 
pancreas in this direction is well seen in both series of cirrhosis of the 
gland, for in the eight cases comprised in the first series and in 90 per 
cent. of those in the second series, the unsoaped fats were in excess. 
Again in the case where pancreatic cyst was present, it will be seen that, 
although the total fat was not high (20.5 per cent.), nearly three-quarters 
of this (15 per cent.) was in the unsoaped condition, and only about a 
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TABLE 2.—ANALYSIS OF FECES. 
Series A. Group I. Pancreatic Disease—No Jaundice. (Cammidze.) 





‘*Unsoaped’’ Fat 











‘Un- Combined 
No. Total cnanoa? Fatty 
of Fat Hat Acids More Less 
Cases | (Per Cent.) (Per Cent.) Soap than than 
*“|(PerCent.)| Soaps Soaps 
(Per Cent.) |(Per Cent. ) 
1. Stones in common! 25 36.5 19.5 17.0 56 44 
bile-duct. (71.3-16.0)}| (51.0-4.5) | (37.9-—0.3) 
2. Stones in gall-| 11 27.1 14.7 12.4 54 46 
bladder. (44.0-16.2)| (22.4—4.3) | (21.2—2.6) 
3. Intestinal catarrh.| 83 28.8 12.5 16.3 30 70 
(79.9-6.5) | (45.7-1.0) | (38.2—1.3) 
4. Uleer (duodenum); 15 30.5 14,7 15.8 46 54 
(48.0-7.2) | (26.4-1.0) | (28.2-6.2) 
5. Uleer (stomach). 2 27.6 16.6 11.0 33 67 
(47.2-7.5) | (20.2-5.4) | (27.2-4.1) 
6. Sprue. 8 57.0 31.0 26.0 50 50 
(76.1-39.8) | (42.4-7.4 |(34.0-16.6) 
7. Pernicious anemia. 2 48.1 19.0 39.1 — 100 
(50.4-45.8)] (9.4-8.6) |(41.8—36.5) 
8. Tuberculous en- 1 60.5 40.2 20.3 100 — 
teritis. 
9. Cirrhosis of liver 9 39.0 22.9 16.1 89 11 
and pancreas. (68.0—12.6) | (36.2-3.4) | (34.0—4.5) 
10. Cirrhosis of pan- 8 36.2 22.6 13.6 100 — 
creas. (61.2—15.3) | (44.1-11.7)} (27.0-3.5) 
11. Arteriosclerosis. 8 27.1 14.9 12.2 50 50 
(53.8-15.1) | (50.8—0.5) | (34.1-3.0) 
12, Heart disease. 4 19.1 10.7 8.4 To 25 
(25.7-11.7) | (16.7-6.1) | (15.7-4.1) 
13, Chronic pancrea-| 47 28.3 16.3 12 49 51 
titis. (72.2—18.0)} (52.0-2.2) | (29.3—0.5) 
14. Cyst of pancreas. 1 20.5 15.0 5.5 100 — 
i5. Pancreatic infan-| i | 874 | 485 | 8@ | 100 | — 


tilism. 
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TABLE 3.—ANALYSIS OF FECES. 
Series A. Group II. Jaundwce—No Pancreatic Disease. (Cammidge.) 





‘‘Unsoaped’’ Fat 





OUn- Combined 
No. Total weaned? Fatty 
of Fat “Rat Acids More Less 
Cases |(Per Cent.) Soap than than 
(Per Cent.) (PerCent.)| Soaps Soaps 
(Per Cent.) |(Per Cent.) 
1. Stones in common 54.8 21.7 33.1 25 75 
bile-duct. (81.3-25.7)|(46.3-10.0)| (54.1-8.2) 
2. Growth of  bile- 74.6 30.7 44.0 —— 100 
duct. (90.4-65.0) | (37.1-30.0) |(57.5-32.0) 
3. Simple stricture of 79.9 27.8 52.1 — 100 
common bile-duct. 
4. Catarrhal jaundice. 31.9 11.3 20.6 — 100 
(32.9-31.0) |(11.6-11.0)](21.38-20.0) 
5. Growth of gall-blad- 25.6 12.4 13.2 —— 100 
der, (27,.3-23.9) | (13.5-11.3)|(14.8-12.6) 





quarter (5.0 per cent.) in the form of combined fatty acids. On the 
other hand, in a case of simple stricture of the common bile-duct, I 
found 52.1 per cent. of the dry weight of the feces consisted of soaps, 
and only 27.8 per cent. of neutral fats and free fatty acids. Sixteen 
cases of simple obstruction of the common bile-duct by gall-stones, with 
no associated pancreatitis, showed an average of 21.7 per cent. of un- 
soaped fat to 31.1 per cent. of combined fatty acids. The latter were in 
excess of the former in all but four cases, and in these the jaundice was 
not marked and the difference was slight. 

‘‘Simple uncomplicated cases of pancreatic disease or jaundice are, 
however, comparatively rare. We have most frequently to consider the 
effects of the two together, or to take into account a coexistent intestinal 
condition with one or the other. In cancer of the pancreas, where as a 
rule there is complete blocking of the common bile-duct and serious 
interference with the functions of the pancreas, since the growth is most 
commonly situated in the head of the gland, the proportions of soaps 
and unsoaped fats vary very considerably. In my first series of 38 cases 
there was an excess of unsoaped fat in 57 per cent., but in the second 
series of 16 cases such an excess was only found in 13 per cent. This 
difference is, I think, to be explained by the fact that a small quantity 
of bile was finding its way into the intestine in a larger number 
of the cases of the second group than of the first, and in many of them 
there was evidence of abnormal] putrefactive changes in the intestinal 
contents, so that more of the fat was being split through the agency of 
bacteria and a larger proportion was being turned into soap. That more 
efficient fat absorption was as a rule taking place in these cases is sug- 
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4.— ANALYSIS OF FECES. 


Series A. Group III. Pancreatic Disease with Jaundice. (Cammidge.) 








‘*Unsoaped’’ Fat 










‘Un- Combined 
No. Total anea?? Fatty 
of Fat ee BN Acids More Less 
Cases |(PerCent,) (Per Cent.) Soap than than 
(PerCent.)| Soaps Soaps 
ve (Per Cent.) |( Per Cent.) 
1, Stones in common; 51 56.6 30.2 26.4 57 43 
bile-duet. 87.2-15.8)| (59.8-5.5} | (55.8—-2.3 ) 
2, Growth of common 2 49.5 29.6 19.9 50 50 
bile-duct. (72.7-26.2) | (33.2-25.9 )| (39.5-0.3) 
3. Growth of ampulla| 1 65.7 | 35.1 | 30.6 100 | — 
of Vater. 
4, Catarrhal jaundice.}| 24 45.0 27.0 * 18.0 58 42 
(62.9-9.2) 1(69.7~-3.7) | (42.7-1.8) 
5. Growth of pancreas; 4 50.4 38.3 17.2 100 — 


(66,3—39.6) | (52.7-30.1)} (30.0-7.8) 





secondary to gall 
bladder. 


NE | NS | Ee | | | 


fi. 


1 


. Growth of pancreas 


34.0 12.3 21.7 37 63 


Giowth of pancreas} 8 
(63.7-19.2) |(31.6-5.6) | (41.1-4.3) 


secondary to 
stomach. 





26.2 10.5 15.7 33 67 
(39.8-12.7)|(13.3-6.6) | (27.6-6.1) 


as 


secondary to 


intestine. 
8. Secondary growth 4 33.3 20.7 12.6 75 25 
of pancreas, pri- (39.6-12.7) | (23.1-14.9)| (18.1-7.0) 
mary elsewhere. ; 
9, Cancer of pancreas.) 38 71.3 41.0 30.3 ov 43 


(93.3-22,3) |(69.0-7.0) | (68.8-3.6) 





gested by the lower average percentage of total fat. Chronic pancreati- 
tis associated with the presence of gall-stones in the common bile-duct, 
and jaundice, gave an excess of unsoaped fat in 57 per cent. of the cases 
in the first series and 45 per cent. in the second. In both, very wide 
variations were met with, depending apparently upon the extent to 
which the oe flow was interfered with and the amount of damage to 
he pancreas.’ t 

Cammidge examined the feces from seven cases of growth of the 
common bile-duct. In five there was no evidence of involvement of the 
pancreas, and in these the combined fatty acids-were considerably in 
excess of the unsoaped fats. Of the two in which the pancreas was in- 
volved in the growth, one showed an excess of combimed fatty acids and 
the other of unsoaped fats, but as the patient with the low percentage 
of unsoaped fat (.3 per cent.) was on an exclusively milk diet, the results 
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TABLE 5,—ANALYSIS OF FECES. 
Series A. Group IV. No Pancreatic Disease—No Jaundice. (Cammidge.) 





‘‘Unsoaped’’ Fat 


N Tota | Um | att 
0. ota soaped’’ a y 
of Fat Fat Acids More Less 


Soap than than 
er Cent.) (PerCent.)| Soaps Soaps 
(Per Cent.) |(Per Cent.) 


Cases |(Per Cent.) (P 

















1. Stones in common 9 33.2 15.3 17.9 44 56 
bile-duct. (62.3-21.2)| (34.0-3.5) | (38.8-3.8) 

2. Stones, gall-bladder| 23 32.1 15.4 16.7 47 53 
or eystic duct. (79.9-11.6)} (27.8-4.4) | (52.1-0.5) 

3. Intestinal catarrh.| 18 25.3 8.) 17.2 5 95 
(39.5-13.8) | (13.3-2.0) | (34.2-9.8) 

4, Uleer (duodenum).| 6 26.4 7.8 18.6 — 100 
(36.8-14.0)} (11.3-2.9) | (27.2-8.8) 

5. Uleer (stomach). | 13 20.6 | 8.1 12.5 a6 100 
(27,9-16.8)| (12.2~4.2) | (15.7-8.9) 

6. Sprue. » 48.8 25.5 23.3 40 60 
(57.7-34.5) | (26.7-11.7)|(32.0-19.0) 

7, Pernicious anemia,| 1 23.1 12.7 | 104 100 = 

8, Appendicitis. 3 20.5 6.5 14.0 — 100 
(22.1-18.6)| (7.0-5.6) |(15.3-11.0) 

9, Chronic colitis. 30 20.9 5.6 15.3 — 100 
(42.1-8.6) | (12.7-0.5) | (33.4-6.2) 

10. Tubereulous — en- 3 39.8 14.9 24.9 — 100 
teritis. (61.3-25.1)} (23.5-4.6) |(30.7-22.1) 

11. Dilated stomach. 4 26.4 4.5 21.9 _ 100 
(28.5-20.4)} (6.4-2.1) |(23.6~12.4) 

12. Growth of stomach. 15 25.1 10.0 15.1 33 67 
(30.4-11.1)} (14.5-6.1) | (18.3-2.7) 

13. Growth of intes-| 19 30.4 11.5 18.9 5 95 
tine. (39.8-22.1)} (17.1-8.0) | (27.6-7.5) 

14. Growth of other| 10 25.4 10.8 14.6 40) 60 
organs. (31.4—22.7) | (15.9-6.3) | (18.7-4.8) 

15. Cirrhosis of liver. 5 20.2 10.6 9.6 8() 10 
(26.6-10.5) | (13.1-5.3) | (13.2-5.2) 

16. Infantile acholia. ] 39.2 14.1 25.2 — 100 

17. Congenital family; 1 83.1 37,2 45.9 — 100 

steatorrhea. 
18. Normal. 25 20.6 10.2 10.4 48 52 


(25,0-9.1) | (15.6-6.1) | (10.2-4.3) 
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are not strictly comparable with those given by the other cases who are 
taking a mixed diet. 

The influence of intestinal affections on the relation between the soaps 
and unsoaped fats of the stool is well illustrated by the cases diagnosed 
as ‘‘intestinal eatarrh’’ or ‘‘enteritis,’? in which there was neither 
jaundice nor pancreatitis to complicate the issue, for in 95 per cent. of 
these in the first series and 100 per cent. of these in the second, the com- 
bined fatty acids were present in excess. Similar results were also ob- 
tained with the feces of patients suffering from duodenal] ulcer, gastric 
ulcer and appendicitis. As all these conditions are associated with a 
pathological state of the intestinal mucous membrane and an abnormal 
intestinal flora, which may affect the pancreas either directly through 
the ducts or indirectly by way of the lymphatics, one sometimes meets 
with cases in which there is an excess of unsoaped fats. This is most 
common in connection with ulcers of the duodenum. There was evidence 
of such a secondary pancreatitis in fifteen out of the twenty-one cases 
that Cammidge included in the tables, and in about half of these there 
was a relative excess of unsoaped fats. A similar complication was found 
in three out of the sixteen cases of gastric ulcer, but only one of these 
showed an excess of neutral fats and free fatty acids in relation to com- 
bined fatty acids. Even when well-marked pancreatic insufficiency is 
present, and there are other indications that the digestive functions of 
the gland are interfered with, the excess of unsoaped fat that might be 
expected is often replaced by an abnormally high percentage of soaps, 
owing to the fat-splitting action of the intestinal bacteria. Thus, out of 
83 cases of pancreatitis associated with an intestinal catarrh, the soaps 
were in excess in 70 per cent., and in only 30 per cent. were the un- 
soaped fats and combined fatty acids equal, or the former in excess. 

It is obvious that when there is interference with the functions of 
the pancreas from cirrhosis consequent on inflammatory changes, and 
also an abnormal activity of the fat-splitting bacteria of the intestine, 
the relation between the soaps and the unsoaped fats will vary with the 
relative intensity of the two, and no hard and fast rule can be laid 
down ; each case must be judged on its merits and on the indications to 
be obtained by other methods of examination. Of these, the presence of 
indicanuria, an excess of inorganic ash in the feces, and the results of 
the pancreatic insufficiency tests are the most important. The varying 
relations found in my cases of duodenal ulcer and gastric ulcer are 
examples of this, and the same explanation probably holds good for the 
cases of sprue and pernicious anemia that Cammidge examined. Stones 
in the common bile-duct and gall-bladder have frequently been found 
not to be associated with a disturbance in the relations between the 
unsoaped fats and combined fatty acids as might theoretically be 
expected, especially when there has been no obstruction to the bile flow. 
Cammidge is inelined to think that this may be due to the abnormal 
activity of fat-splitting bacteria, for in such cases there is generally 
evidence of cholangeitis, and this, as well as the gall-stone formation, is 
probably consequent upon the invasion of the biliary tract by intestinal 
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organisms which have ascended beyond their normal habitat to the level 
of the common bile-duct. 

The following methods are used for analyzing fecal fat (Cammidge) : 
‘‘A weighed quantity of the feces, which have been dried to a constant 
weight, if necessary with the addition of alcohol but without any added 
sulphuric acid, is extracted with ether in a Soxhlet apparatus continu- 
ously for forty-eight hours. After the completion of the extraction the 
ether is evaporated off, the flask containing the ether extract is heated 
in a steam oven for an hour, cooled and weighed. This extract (A) gives 
the weight of the neutral fats and free fatty acids contained in the 
weight of feces taken. If the extraction thimble is allowed to stand in 
the air until the smell of ether has disappeared, and is then dried and 
weighed, this weight, plus the weight of the extract and less the weight 
of the thimble, will give the weight of the quantity of dry feces used for 
the extraction, and may therefore be used as a check on this, or may 
replace the original weighing process if desired. The residue from the 
thimble is now transferred to a porcelain dish and thoroughly ground 
up with a dilute watery or alcoholic solution of hydrochloric acid. The 
mixture is tested to see that it is strongly acid and then evaporated to 
dryness on a boiling water-bath. The perfectly dry residue is now trans- 
ferred to the thimble from which it came, and extracted in a Soxhlet 
apparatus with ether continuously for twenty-four hours. The ether is 
then distilled off, the flask is heated in a steam oven, cooled, and weighed 
as before. This ether extract (B) contains the fatty acids present as 
soaps. The volatile fatty acids in the first extract (A) may now be 
estimated by washing with hot water, filtering, washing the residue on 
the filter, first with hot water and then with ether, adding the ether 
to the residue in the flask, drying, and weighing the flask after the ether 
has been evaporated off. The non-volatile fatty acids are then deter- 
mined by dissolving the residue in the flask in a considerable excess of 
absolute alcohol, or a mixture of alcohol and ether, and titrating with 
a decinormal! solution of alcoholic potash, using phenolphthalein as the 
indicator. Since 1 c.c. of decinormal potash corresponds to .0284 gram 
of stearic acid, the weight of the fatty acids present can be calculated 
in terms of stearic avid by multiplying the number of cubic centimeters 
of decinormal soda used by .0284. The difference between this result 
and the weight of the ether extract previously determined will give the 
weight of the neutral] fat and any lipoids that may be present. The 
amount of the latter is so small, that for practical purposes it may be 
neglected and the value obtained, taken as being that of the neutral fat. 
If it is considered necessary to estimate the cholesterin separately, the 
solution with which the titration was carried out 1s evaporated to dryness 
and warmed with alcoholic potash. The amount of lecithin is then esti- 
mated from the phosphoric acid content of the ash. The weight of the 
saponified fatty acids in the second extract (B) can be checked by dis- 
solving the dried residue in alcoho] and titrating with decinormal 
alcoholic potash, and then expressing the result in terms of stearic acid 
in the way employed for the estimation of the non-volatile fatty acids 
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in the extract (A). Asa rule, it will be found that the figures obtained 
by weighing and titration agree fairly closely, but those given by the 
latter method are to be preferred. 

‘‘The neutral fats and fatty acids in the ether extract (A) may also 
be estimated by Hoppe-Seyler’s method. The extract is dissolved in 
ether, and shaken with an excess of dilute sodium carbonate solution. 
The mixture is then placed in a separating funnel and left to stand for 
a few hours. The watery solution is separated and well shaken with 
ether, which is again separated. The two ether extracts are now com- 
bined, evaporated to dryness, cooled, and weighed. The result gives the 
weight of the neutral fat (and lipoids), while the difference between this 
and the original weight of the dry ether extract (A) gives the weight 
of the free fatty acids.’’ 

For routine analyses, Cammidge employs the following method: 

About 0.5 gram of the dried feces is weighed out and introduced into 
the lower bulb of a Schmidt-Werner milk tube as described for the rapid 
estimation of the total fat. Ten c.c. of distilled water are then added, 
and the tube is heated for a quarter of an hour in a boiling water-bath, 
occasionally rotated to mix its contents well. After being cooled, the 
tube is filled up to the 50 c.c. mark with ether, and the consequent steps 
of the process carried out as for the estimation of the total fat; in fact, 
the two experiments are usually carried out side by side, the tubes being 
labeled A and B respectively. The ether extract of the A tube, the con- 
tents of which have been heated with dilute hydrochloric acid, gives the 
total fat; the ether extract of the B tube, in which water only was used, 
gives the sum of the neutral fats and free fatty acids, and for conven- 
ience of reference Cammidge generally speaks of the latter as the ‘‘un- 
saponified,’’ or better, ‘‘unsoaped,’’ fats, while the difference between 
the two gives the combined fatty acids or soaps. To determine the rela- 
tion between the neutral fats and free fatty acids, the ether extract 
from the B tube is dissolved in an excess of ether (about 20 c.c.), a few 
drops of an alcoholic solution of phenolphthalein are added, and it is 
then titrated with decinormal alcoholic soda. The number of c.c. used to 
neutralize the solution multiplied by 0.0284 grams, gives the weight of 
free fatty acids contained in the quantity of .dry feces originally used, 
and the difference between this and the weight of the ether extract gives 
the quantity of neutral fat (and lipoids). 

The whole process can be carried out in the space of an hour or so 
after the feces have been dried down, and if only sufficient of the mixed 
moist stool to yield a couple of grams of dry material are employed, the 
whole of the estimations may be made from beginning to end in six to 
eight hours, most of the time being occupied by the drying of the feces 
to a constant weight and waiting for the ether extracts to clear. 

Considerable variations occur in the percentage of the fatty con- 
stituents of the feces, even in health, but as a rule a normal adult, 
taking an ordinary mixed diet, gives figures which lie between the 
following extremes: 
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Lotel fat: «.cdcawiee ee ddiees 15-25 per cent. of the dry weight 
‘‘TInsoaped’’ fat .......... TOA5: Ae “EE ORE BE rz 
Neutral fat ............... 10: ee ee 64 
Free fatty acids ........... O19 86 «Mee Se OLE oes 66 
Combined fatty acids ...... 10-15 ‘ <n © 2 2 ee 2: 66 


By means of the nephelometric principle, which has been used by 
Bloor for the determination of the fat in blood and milk, Laws and Bloor 
have found it possible to make an accurate determination of the fat 
in the stools in about one hour. The method consists essentially in ex- 
tracting directly with acidified alcohol and ether, filtering the extract, 
then precipitating the fat in a watery solution and comparing the cloudy 
suspension so obtained with that of a similarly prepared standard 
solution. 

5. CREATORRHEA.—As Sladden says, creatorrhea is a natural corol- 
lary of azotorrhea. This phenomenon has been known for many years. 
It is very simple to recognize, since in a film of normal feces examined 
under a microscope it is rare to find more than one or two musele-fibers 
in a field, and most often they are entirely absent. 

According to Kleineberger the finding of creatorrhea is about the best 
evidence for pancreatic insufficiency ; Wertheimer concurs, as does von 
Ehrmann, who stipulates, however, that the patient’s meat ration for a 
few days previously should not exceed two ounces daily. He compared 
the effect of giving pancreatin upon azotorrhea and creatorrhea, and 
came to the conclusion that the effect was quantitative, not qualitative, 
1e., there was still impaired digestion of muscle-fiber, although the di- 
gestion of nitrogenous food as a whole was so improved that the nitrogen 
loss became normal. In a later paper (1913) von Ehrmann still main- 
tains this view, which has also been confirmed by Oscar Gross. How 
this apparently selective action of pancreatic extract comes to pass is 
not at all clear; Allen, arguing from a case of carcinoma of the duodenum 
with complete occlusion of the pancreatic duct, in which no creatorrhea 
could be found, suggested the possibility of an internal secretion of the 
pancreas taking an essential part in the digestion of muscle-fibers. In 
Barbour’s case and in the experience of Sladden the administration of 
pancreatic extract may clear up a creatorrhea, and in any case it appears 
to be a policy of rather doubtful utility to call in a fresh internal secre- 
tion to account for an observation otherwise ‘‘unexplained.”’ 

The creatorrhea test is not free from fallacies—diarrhea or even 
rather abnormal peristalsis may lead to appearance of muscle-fibers in 
the feces, and Allen states that a condition of achylia gastrica may pro- 
duce a similar result. If these possibilities are excluded a finding of 
creatorrhea has great positive significance. A negative observation has 
not, however, the same value for the exclusion of pancreatic disease, al- 
though, as Pratt remarks, in cases where pancreatic insufficiency has 
been definitely excluded well-marked creatorrhea has not been observed. 
Glaessner drew attention to the possible action of proteolytic enzymes of 
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intestinal or bacterial origin to render a negative observation of less 
value for diagnosis. 

6. Sanui’s GLUToI CaPsuLE TEestT.—In 1897, Sahli recommended the 
following test for pancreatic sufficiency: Gelatine capsules are made 
and hardened in formalin. The capsule is filled with iodoform, methylene 
blue or salicylic acid. This capsule is not soluble in gastric juice, but 
is acted upon in the presence of pancreatic juice with the liberation of 
its contents. In a normal subject the contents should be found in the 
urine or saliva within four hours. When iodoform is used the saliva 
will react with starch to give a blue color, showing the presence of iodin. 
When salicylic acid is used, the urine will give a port wine or red color 
with a solution of ferric chlorid if the salicylates are excreted in the 
saliva. If methylene blue is used, the urine will be blue or green in 
eolor. 

Mention may be made here of Miller and Schlecht’s adaptation of 
Sahli’s glutoid capsule test to the detection of the tryptic ferment in the 
feces. A gelatin capsule hardened in an alcoholic solution or formalin 
is filled with powdered wood charcoal and floated on 10 or 15 e.c. of a 
liquid stool, which must not have been filtered, in a wide test-tube, so 
that it does not touch the walls, and incubated at 37° C. If the feces 
contain a normal proportion of trypsin, the capsule should dissolve in 
about half an hour, and its contents will stain the fluid in the tube 
black. If no trypsin is present, the capsule will remain unaltered for a 
day or so before it finally dissolves. 

This test has the same drawbacks as Sahli’s, and particularly the 
difficulty of properly adjusting the hardness of the gelatin and prevent- 
Ing accidental opening of the capsule. It has now been replaced by the 
more satisfactory casein tests. 

Wallenfang found the reaction delayed in four out of eight healthy 
individuals. 

According to Pratt, this test is unreliable since one case with definite 
disease of the pancreas gave a normal reaction, whereas another case 
with normal pancreas gave a very much delayed reaction. 

Ferreira introduced a modification, giving encapsulated salicin, but 
as the nature and origin of the ferment which splits salicin is not known, 
the method merely adds a further objection to those urged against the 
simpler test of Sahli. 

7. ScHMiptT CeLu-Nuc.Le! TEst.—The observation made by Schmidt 
that cell-nuclei are digested only by the pancreatic secretion is the 
physiological basis of the test. The method has been assailed on theo- 
retical as well as on practical grounds. Brugsch and his pupil Hesse 
have been the chief opponents of the method, but they have failed to 
prove that it is untrustworthy, and Schmidt’s assertion that the gastric 
juice does not act upon cell-nuclei seems to be true. Strauch, working 
in Abderhalden’s laboratory, showed that pure pancreatic juice com- 
pletely dissolved the cell-nuclei in six to eight hours; pure intestinal 
juice (erepsin) and pure gastric juice, on the contrary, did not digest 


them. 
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Pratt found in a dog with complete pancreatic achylia, produced by 
separating the pancreas from the duodenum, that the cell-nuclei were not 
digested. The gastric juice was normal, and there was no disease of 
the intestine. Thus clear evidence was presented by this experiment that 
the normal secretions of stomach and intestine were unable to digest the 
cell-nuclei. 

Raw beef containing a fair amount of fibrous tissue is cut into cubes 
measuring about 0.5 em. in size. These are hardened in alcohol, and 
placed in small bags made of silk gauze. They should be immersed in 
water for several hours before using. The bags are recovered from the 
stools and the meat cubes examined for the presence of nuclei after 
paraffin sections have been prepared. The test is positive if the nuclei 
are preserved and take the stain, negative if the nuclei are digested. 
Einhorn has used thymus gland instead of beef. This modification 
appears to be a distinct improvement. 

Recently Kashiwado, a pupil of Schmidt, has simplified the nucleus 
test. By gastric digestion the nuclei of the thymus gland are isolated. 
The nuclei are then stained with hematoxylin, and a powder prepared, 
composed of equal parts of lycopodium and nuclei. Two capsules, each 
containing 0.25 gram of the mixture, are administered after dinner or 
supper. If the nuclei are not digested they are easily recognized in 
the stools. 

Pratt has not observed a definite case of pancreatic insufficiency in 
which the nucleus test was negative. The value of the test is impaired 
by the fact that the meat cubes must remain in the intestine not less 
than six nor more than thirty hours. If the period is too short the nuclei 
are undigested by normal pancreatic juice. Putrefaction may cause 
the disappearance of the nuclei if the meat cubes remain more than a 
day in the intestine. In one of his cases the silk bags were recovered 
in the feces five days after they were taken into the stomach. 

The preservation of the nuclei, with the test properly carried out, 
does not necessarily imply complete absence of the pancreatic secretion. 
In a case of fatty diarrhea with achylia gastrica the nuclei were not 
digested, but Spooner and Pratt demonstrated trypsin in the stomach 
by Volhard’s method. If with the nuclei test one can recognize cases 
in which there is a deficient secretion of pancreatic juice, the value 
of the method will not be diminished but enhanced. As already stated, 
there are few cases of pancreatic disease in which total absence of 
pancreatic secretion occurs, and these are readily diagnosticated. 

In 1906 Schmidt described cases in which he maintained that there 
was functional pancreatic achylia. 

Pratt also concurs with the view that there are cases of functional 
pancreatic hypochylia. 

According to Sladden, it seems probable that if diarrhea can be 
excluded a positive outcome of the test may be of help, but a negative 
result is hardly to be trusted; a positive result, moreover, is only likely 
to be obtained when the pancreas is practically completely out of action. 

Fronzig modified the Schmidt test by using the nucleated red cells 
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of the blood of a goose as a source for his nucleoprotein, mixing the 
defibrinated blood with barium sulphate, which acts as an indicator 
in the feces which have to be searched for undigested red corpuscles. 
It is noteworthy that Wohlgemuth, von Westemijk, and Glaessner and 
Popper have all denied the presence of a nucleolytic ferment in the 
pancreatic juice, but Fronzig’s work seems to contravene this denial 
(Sladden). 

The Schmidt nuclear test has not lacked critics who have attributed 
some digestive power or nuclear tissue to intestinal and even to gastric 
juice, not to mention bacterial agencies. At the Johns Hopkins Hos- 
pital it has been possible to apply a crucial test, so to speak, to the 
problem involved by making observations on a patient known to have a 
complete absence of pancreatic secretion in the intestinal tract. Atchley 
added thymus gland, one of the tissues richest in nucleoprotein, to the 
food of the patient, and estimated the urinary output of uric acid. In- 
asmuch as the metabolism of the purins derived from the digestion of 
nucleoproteins leads to a prompt increase in the production of uric acid 
which is readily demonstrated in a healthy subject, this factor can be 
used to ascertain whether the nuclear tissue has been digested and the 
purins have been made available in the gastro-intestinal tract. That 
this conversion actually occurred in the absence of both bile and 
pancreatic juice in Atchley’s patient was attested by the marked rise in 
uric acid excretion following the ingestion of 150 grams of thymus as 
a supplement to a purin-free diet. The exogenous output of uric acid 
exceeded the endogenous level by more than half a gram. This demon- 
stration of the digestion of thymus nuclei with the production of uric 
acid independently of the pancreatic secretion, together with a negative 
result of the Schmidt test in the same case and in many others reported, 
‘‘definitely points out the worthlessness of the Schmidt nuclear test for 
pancreatic function.’’ 

Analysis of Urine—1. DiastasE (AMYLASE) IN THE URINE.—Wohl- 
gemuth has shown that laceration of the dog’s pancreas gives rise to a 
rapid and marked increase in the quantity of diastase in both blood 
and urine. The method he employed required twenty-four hours for 
its completion, which is a great disadvantage in the study of human 
cases, and he has, therefore, so modified it that the result may be ob- 
tained in one-half hour. Using this method with normal human sera 
(150 cases), Wohlgemuth and Noguchi found the normal value to be 
8 to 16; the highest normal value found was 32. Thus, if a lesion of the 
pancreas is suspected in a patient who has received a severe blow on the 
abdomen, a value of 64 greatly strengthens the supposition. 

Marino reports a quantitative study of urinary diastase in various 
diseases. He used the method of Wohlgemuth. The author finds (1) 
that the excretion of diastase in the urine is greatly lessened in nephritis 
and in diabetes mellitus. (2) In pancreatic disease the urinary diastase 
is increased in quantity. This, the author believes, is a very important 
sign of pancreatic disease. (3) As a functional test of the kidney, the 
quantitative estimation of diastase is valuable. (4) In pernicious anemia 
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and in secondary anemia, the diastase of the urine is markedly decreased. 
The diminution seems to be greater in pernicious than in secondary 
anemia, though the number of cases studied was too small to formulate 
a rule. 

In making determinations of the diastatic ferments in the urine, 
according to Wohlgemuth’s method, Neumann calls attention to the fact 
that reliable estimations should be based upon the twenty-four-hour 
output. The total diastatic ferment amount, per deem, varies much with 
the same individual and appears to be influenced by psychic factors 
rather than by changes in the diet. Generally the diastatic power of the 
blood-serum is less than that of the urine. This is found to be definitely 
decreased in diabetes mellitus, the amount of reduction being of some 
prognostic value. It is also diminished in pernicious anemia, Basedow’s 
disease and in some forms of nephritis. The notable increase in pan 
creatic disease is of real diagnostic worth. There is a slight increase 
in urinary diastase and in some febrile conditions. Investigations car- 
ried out in a number of other diseases showed no great deviation from 
the normal. 

The work of Wohlgemuth has been confirmed by Corbett, Yvon, 
Noguchi and others. I[lirschberger found a large amount of diastase in 
the urine of two cases of pancreatitis, and Wynhausen in two cases of 
cancer of the pancreas. 

In our experience, the determination of amylase in the urine by the 
method of Wohlgemuth throws very much light on the condition of the 
pancreas. In obstruction of the duct of Wirsung either by cancer, gall- 
stone, enlarged glands, etc., the amylase of the urine is much increased 
in output. In organic disease of the pancreas, a similar state of affairs 
exists. 

Amylolytiec ferment is present in definite quantity, 6.6 to 8 units, 
according to Storks in the blood-serum and urine of all healthy indi- 
viduals, and has also been found in all the body fluids examined. The 
level is practically constant in the blood-serum. The level in the urine 
is subject to diurnal variations due chiefly to the digestive functions. 
The ferment is of pancreatic origin and is absorbed directly by the 
blood. No proof of the action of antiamylase has been found. Disease 
of the kidneys causing any diminished permeability of these organs 
reduces the amount of ferment in the urine and consequently raises the 
amount in the blood. Any disturbance in the ratio D (blood): D and M 
(urine) indicates renal insufficiency in all stich cases. Severe passive 
congestion also raises the amount of amylase in the blood. With these 
exceptions any increase of the ferment in the blood-serum denotes pan- 
creatiec mischief. The values have been found raised by Stocks in all 
cases of pancreatic disease, the increase depending on the degree of 
obstruction in any part of the gland or its ducts, and on the acutenéss 
of the condition. The highest values were found in a case of acute pan- 
creatitis. The estimation of the amylolytic capacity of the blood-serum 
and the urine is a most delicate test of the efficiency of the pancreas, 
and consequently is a most delicate and reliable test for disease of the 
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pancreas. A simplified modification of Wohlgemuth’s method was used 


in his work. . 
” peat to Schleicher the value of the varlous methods of testing 
the external secretion of the pancreas is still sub judice. In order to 


determine the reliability of the various tests, the author has employed 
the most popular methods in 22 instances in which the external pan- 
creatic secretion seemed to be abnormal. The methods of Gross and 
Miiller for the detection of trypsin and the diastase test of Wohlgemuth 
are reliable; the nuclein test of Schmidt, however, is less trustworthy. 
A definite opinion concerning the methods of Winternitz and Ehrmann 
cannot as yet be given. The oil-breakfast of Boldyreff-Volhard furnishes 
reliable results. On the other hand, the test of Schlecht and the 

glutoid capsules of Sahli gives less reliable results. The methods of 

Gross and Wohlgemuth may be recommended for acute cases; here the 

qualitative and quantitative demonstration of trypsin and diastase in 

the feces as well as in the urine must be made. Both tests are very 

reliable; they alone will evince the degree of functional pancreatic 

activity. Other tests may be employed to corroborate the findings 

obtained with the Gross and Wohlgemuth methods. 

Quantitative Determination of Amylolytic Activity —Wohlgemuth’s 
Method (as described by Hawk) : 

Arrange a series of test-tubes with diminishing quantities of urine, 
introduce into each tube 5 ec.c. of 1 per cent. solution of soluble 
starch and place each tube at once in a bath of ice-water. When all 
the tubes have been prepared in this way and placed in the ice-water 
bath. they are transferred to a water-bath or incubator and kept at 
38° C. for from 30 minutes to an hour. At the end of this digestion 
period the tubes are again removed to the bath of ice-water in order 
that the action of the enzyme may be stopped. 

Dilute the contents of each tube to within about 14, inch of the top, 
with water, add one drop of a N/10 solution of iodin and shake the tube 
and contents thoroughly. <A series of colors ranging from dark blue 
through bluish-violet and reddish-yellow to yellow, will be formed. The 
dark blue color shows the presence of unchanged starch, the bluish- 
violet indicates a mixture of starch and erythrodextrin, whereas the 
reddish-yellow signifies that erythrodextrin and maltose are present and 
the yellow solution denotes the complete transformation of starch into 
maltose. Examine the tubes carefully before a white background and 
select the last tube in the series which shows the entire absence of all 
blue color, thus indicating that the starch has been completely trans- 
formed into dextrins and sugar. In case of indecision between two 
tubes, add an extra drop of the iodin solution, and observe them again, 
after shaking. 

Calculation —The amylolytic activity of a given solution is expressed 
in terms of the activity of 1 ¢.c. of such a solution. For example, if it 
is found that 0.02 c.c. of an amylolytic solution, acting at 38° C., com- 
pletely transforms che stareh in 5 c.s. of a 1 per cent. starch solution 
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in 30 minutes, the amylolytic activity of such a solution would be 


expressed as follows: 
D = 250 


This indicates that 1 ¢.c. of the solution under examination possesses the 
power of completely digesting 250 ¢.c. of 1 per cent. starch solution in 
30 minutes at 38° C. 

2. CammMipGe REaAcTION.—The reaction of Cammidge, about which 
so much has lately been written, does not seem to be so successful in 
the hands of others as in those of the author. Cammidge says: ‘‘My 
experience with the improved method has been most satisfactory, for 
in every case where pancreatitis has been found to be present, the urine 
has given more or less marked reaction, corresponding to the extent of 
the lesions. Normal urines have given no reaction, and control cases 

. where there was no pancreatic lesion, have also proved negative.’’ 

In careful studies recently reported by Wilson, Kenney, Whipple 
and others, little value is accorded the test. Wilson, reporting on 504 
tests from Mayo’s clinic, says: ‘‘The end results, judged by Mr. Cam- 
midge’s own criteria, must be considered as a means of diagnosticating 
disease of the pancreas, as both valueless and misleading. There is no 
apparent clinical relationship between disease of the pancreas and any 
of our various types of end reaction.’’ 

Kinney, reporting from Deaver’s service in the German Hospital, 
Philadelphia, says: ‘‘ Very little dependence can be put upon a negative 
reaction, and a positive reaction can only be considered of value as a 
confirmatory examination.”’ 

Cammidge examined 1500 samples of urine derived from 1475 cases, 
with special reference to this reaction. Of 17 eases of acute and sub- 
acute pancreatitis, 13 gave a positive pancreatic reaction. Six of these 
at operation showed an acute inflammation. In 3 the pancreatitis had 
been the sequel to an attack of mumps. In 859 cases of chronic pan- 
creatitis the reaction was obtained 364 times; 40 times in 60 cases of 
stone in the common duct; 18 times in 7 cases of stone in the gall- 
bladder; 4 times in 10 cases of growth in the common duct; 103 times 
In 194 cases of intestinal catarrh; 42 times in 53 cases of catarrhal 
jaundice; 27 times in 50 eases of duodenal ulcer; 5 times in 47 cases of 
rustric ulcer; 8 times in 13 cases of sprue; 4 times in 6 cases of per- 
nicious anemia; 2 times in 11 cases of tuberculosis; 6 times in 8 cases 
of typhoid fever; and 14 times in 21 cases of cirrhosis of the liver and 
pancreas. All of these conditions Cammidge considered as causes of 
chronic pancreatitis. In 4 cases of pancreatic calculi the reaction was 
obtained 3 times: twice in 4 cases of pancreatic cyst and once in a case 
of pancreatic infantilism. In 73 eases of cancer of the pancreas 24 
positive reactions were obtained. In a miscellaneous group, 461 of the 
467 cases gave a negative pancreatic reaction. In the last group are 
specimens of urine from 50 presumably healthy individuals, none of 
which gave a positive pancreatic reaction. Cammidge believed that his 
cxperience in these five years confirmed the claim that he made—that the 
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reaction is clinically useful in its improved form. He did not think that 
it was pathognomonic or that taken alone it would enable one to form a 
correct opinion in every instance. But he did think that when the 
results of the examination of the urine were considered in conjunction 
with the clinical symptoms and an analysis of the feces, a trustworthy 
diagnosis might be arrived at in nearly every case of pancreatic dis- 
ease. As to the nature of the reaction, it is probably due to the de- 
struction of some substance with a glyconucleoprotein content which 
yields a pentose on hydrolysis, and since the percentage of pentose in 
the dry weight of the pancreas is nearly five times as great as in any 
other organ of the body, and is more easily combined and more readily 
set free than the corresponding sugar in other tissues, the reaction is 
obtained with much greater frequency and more constantly in lesions 
involving active degenerative changes in that organ than in others. A 
strongly positive reaction cannot be accepted as a conclusive indication 
of pancreatic infection. Cirrhosis of the pancreas will not give rise to 
the reaction unless there is also some active inflammation going on at 
the same time. So, too, in cancer of the pancreas, there is usually no 
reaction, for no destruction of gland substance takes place unless 
secondary inflammation sets in. 

To perform the Cammidge test, the following procedure may be fol- 
lowed: A twenty-four-hour specimen of urine is collected and preserved 
with thymol or toluene, or chloroform. Tt is filtered, and the filtrate 
tested for albumin and for glucose. If albumin is present, the urine is 
boiled and acidified and the precipitated protein is filtered off, the test 
of Cammidge being performed on the filtrate. If glucose is present, the 
urine 1s fermented for 12 to 24 hours, in order to get rid of the glucose, 
filtered and tested. If both substances are present, a combination of 
the above processes should be resorted to. 

After the urine is made protein- and glucose-free, it is treated as 
follows: 20 e.c. of the clear, filtered urine are placed in a small flask, 
covered with an inverted funnel to act as a condenser, and 1 c.c. of 
strong hydrochloric acid is added. Tt is now boiled for 10 minutes on 
a sand bath. The boiling should not be too vigorous, and the flame 
should be turned low for the greater part of the time. 

The flask is now cooled in cold running water, and brought up to 
20 ¢.c. with distilled water. Four grams of lead carbonate are now 
slowly added, and shaken, at first gently and then more thoroughly. The 
shaking should be repeated at intervals until no more carbon dioxid 1s 
evolved. The contents of the flask are now filtered through a moistened 
filter paper. 

Four grams of powdered basic lead acetate are added. The mixture 
is thoroughly shaken for some minutes, and allowed to stand. It is 
filtered through a moistened filter paper. 

To the clear, colorless filtrate 2 grams of powdered sodium sulphate 
are added and well shaken for several] minutes; it 1s slowly brought up 
to the boiling point on a sand bath, shaking from time to time. The ex- 
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cess of lead is now removed, and it is important that the heating and 
shaking be done carefully. 

The mixture is cooled and filtered. Ten c.c. of filtrate are meas- 
ured and 8 c.c. of water added. To this are added 8 grams of phenyl- 
hydrazin hydrochlorid, 2 grams of sodium acetate and 1 ¢.c. of 50 per 
cent. acetic acid. The mixture is boiled in a flask with a funnel con- 
denser on a sand bath for 10 minutes. It must not boil too vigorously. 
It is filtered hot through a moistened filter paper, and brought up to 
15 ¢.c. with hot distilled water. It should be allowed to stand for 4 or 5 
hours at room temperature or in the ice-box. 

If the test is positive, typical osazone crystals are produced which 
are more circular and tuft-like than the glucosazone crystals. The 
erystals are soluble in 33 per cent. sulphurie acid. 

Loewi’s Adrenalin Test.—Loewi, in 1908, found in a series of animal 
experiments relative to diabetes and pancreatic function that adrenalin 
chlorid in a strength of 1-1000, when instilled into the conjunctival sac 
of dogs and cats normally caused mydriasis. In animals, however, from 
which the pancreas had been removed, thus setting up a complete 
pancreatic insufficiency, mydriasis occurred constantly in from 24 to 65 
hours after operation. In another series of dogs in which the pancreatic 
juice was diverted through an external fistula no mydriasis occurred, 
even after many months. From this Loewi concluded that mydriasis 
was the result of the failure of the internal secretion of the gland. Of 
the basis of further experiments in dogs in which diabetes had been 
established, he concluded that the internal secretion had at least two 
independent functions, the glycogenic function and the adrenalin funec- 
tion. His argument in explanation of the phenomenon of mydriasis is 
that the pancreas furnishes through its internal secretion a chemical 
substance which is a depressor, or inhibitor of the sympathetic nervous 
system. So, when adrenalin, which is a sympathetic excitant, is in- 
stilled into the normal eye, the sympathetic nerves supplying the ciliary 
muscle are stimulated, but not strongly enough to overeome the pan- 
creatic inhibition. If by reason of disease this inhibitory control of 
the pancreas is vitiated or lost, adrenalin is unobstructed or less ob- 
structed in its action and causes mydriasis. 

Whether this hypothesis of Loewi is the true explanation of the phe- 
nomenon or not, is open to question. In view of the present uncertainty 
regurding the antagonism of pancreas and adrenals, and indeed the 
fluence of all glands of internal secretion upon one another, one perhaps 
should be slow to accept it. At least, however, no more rational theory 
than Loewi’s has come to our notice. Loewi found that normally the 
human eye did not react to adrenalin. He tried the reaction in 48 clin- 
ical cases embracing such conditions as carcinoma, nephritis, tubercu- 
losis, pneumonia, rheumatic fever and diabetes. In 36 there was a 
dilatation of the pupil averaging one millimeter. His series included 
18 cases of diabetes, of which 10 had mydriasis, and 3 cases of Graves’ 
disease, all of which reacted positively. This latter result Loewi ex- 
plained on the ground of a hyperactivity of the sympathetic system 
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in hyperthyroidism, which is in excess of the pancreatic depressor 
influence. One writer, Cords, has since accounted for mydriasis in the 
presence of exophthalmos on the basis of a corneal inflammation, leading 
to a more rapid absorption of the drug. 

Since Loewi published his paper in 1908 there have been compara- 
tively few reports in the literature of experience with the test. It is 
looked upon with favor by several English clinicians, notably Garrod, 
Humphrey and Sladden. Zak, in Germany, found it undependable as 
a pancreatic guide; he obtained positive results In many cases with 
lesions of the stomach, intestine and peritoneum. 

Sladden, however, at St. Bartholomew’s [Iospital, in a series of 51 
tests found 11 positive cases. Of these 11, in 5 pancreatic disease was 
demonstrated, in 4 it was probable, in 1 there was exophthalmic goiter, 
und in the last one only it was excluded at operation. On the basis 
of this experience Sladden writes that ‘‘the adrenalin reaction is asso- 
clated with pancreatic disease, and with lesions closely associated with 
the pancreas either anatomically or physiologically so frequently as 
to render the phenomenon worthy of serious attention as a guide to 
diagnosis. 

Decker, working in the author’s laboratory, found that of 500 eases, 
which covered a wide range of Injury and disease, there were 18 posi- 
tive reactions, only 2 of which were known to have pancreatic lesions: 
(1) a ease of carcinoma of the pancreas; (2) chronic pancreatitis asso- 
clated with gall-stones. On the other hand, in cases known definitely 
to be pancreatic, there were seven negative reactions distributed as 
follows: carcinoma, 5; cyst, 1; Jymphangitis, 1. 

It might be of interest to note on account of the etiological relation- 
ship which is thought to exist between gall-bladder and pancreatic dis- 
ease that in 15 gall-bladder cases there were 38 positive reactions. In 
only one of these was the pancreas involved. 

From this record it 1s apparent (1) that the reaction 1s not pathogno- 
monic of pancreatic disease; (2) that it is absent in cases which by other 
methods are proved to have pancreatic lesions. Whether or not in 16 
of the 18 positive cases there was an associated pancreatic lesion, it is 
impossible to tell without a doubt. At least, Judging either by clinical 
history, physical examination, tests of the urine or stools, or intra- 
abdominal examination at the time of the operation, there was no definite 
evidence of pancreatic disturbance. 

The technic of the test is as follows: Three drops of adrenalin 
chlorid solution 1-1000 are instilled into one conjunctival sac, the other 
eye being used as a control, and followed in five minutes by three more 
drops, the point being to fill the conjunctival sac. Aside from a slight 
smarting for a few seconds, the patient suffers no discomfort, and 
no subsequent harmful effects. Dilatation of the pupil should occur 
within an hour if the test is positive. The amount of enlargement varies 
from less than a millimeter to complete pupillary dilatation and seldom 
oceurs in less than a 15-minute period. The length of time taken for 
action seems to be dependent on the facility with which the adrenalin 
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is absorbed rather than the amount used. Care must be taken to avoid 
impaired and inflamed eyes. 

Carbohydrate Tests—ALIMENTARY GuLycosuRIA—The patient is 
given 100 grams of glucose, dissolved in tea or water, two hours after 
breakfast, and the urine 1s examined for sugar every two hours until 
six hours have passed, and also at the end of twenty-four hours. 

In cases where the pancreas Is suspected of being the seat of disease, 
a positive result with this test will accentuate the suspicion, but should 
not be taken as a pathognomonic sign of pancreatic involvement. 
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Il, LIVER FUNCTION TESTS 
By Max Kaun, M.A., M.D., Pu.D. 


Carbohydrate tolerance tests, p. 94—Urinary nitrogen partition, p. 99 
—Urobilinogen excretion, p. 106—Methylene blue test, p. 113— 
Phenoltetrachlorphthalein test, p. 113—Fibrinogen test, p. 116—The 
total non-protein nitrogen, urea nitrogen and amino-acid nitrogen 
of the blood, p. 118—Non-protein nitrogen, ». 119—Urea nitrogen, 
p. 120—Amino-acid nitrogen, p. 121—Lipase of the blood, p. 121— 
Ghedini’s ferment test, p. 124—The fibrinolvtie ferment of the blood, 
p. 124—Sulphoconjugation test, p, 124—The glveuronie conjugation 
test, p. 132—-The hippurie acid conjugation test, p. 132. 


In order to study the functional activity of an organ, it has been 
eustomary to apply certain specific tests to the individual functions of 
that organ. Thus if an organ has several functions, tests are applied 
to one of these functions, and conclusions are drawn therefrom as 
to the capability of the organ to perform all of its offices. This has 
been especially the case in the investigation of the condition of the 
liver. 

The liver has a multiplicity of duties to perform in the body, all of 
which are of essential importanee. It is probable that each individual 
cell of the hepatic structure takes part in all of the liver functions; it 
is also possible that different portions of the liver lobule, and different 
conglomerations of the liver lobules may have specific functions. In 
the former case it is most likely that a reduction in the ability of the 
liver to perform one function will be accompanied by a proportional 
reduction in all the liver functions; in the latter case, one or more func- 
tions of the liver may be disturbed without affecting the other hepatic 
functions. 

In order to appreciate the various methods for determining the liver 
functions, it is best to enumerate the different functions of the liver: 


1. Seeretion of bile. 

2. Relation to carbohydrate metabolism. 
(a) Glycogen formation. 

3. Relation to nitrogen metabolism. 
(a) Formation of the urea. 

4, Detoxification function. 

(a) Formation of the conjugate sulphates and glycuro- 

nates. 

(b) Withholding of toxins and poisons. 
The decomposition of the erythrocytes. 
The formation of fibrinogen. 

The formation of antithrombin. 
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The methods for the study of the liver functions are several. These 
tests can be classified in the following way: 


1. A study of the carbohydrate tolerance of the liver; this will 
include the tests of general carbohydrate metabolism, tests 
of tolerance for special carbohydrates; for example, 
Bauer’s galactose test, Strauss’s levulose test, ete. 

2. <A study of the nitrogen excretion in the urine, including 

the urea, amino and ammonia nitrogen fractions. 

The urobilinogen excretion in the urine. 

Analysis of the fibrinogen of the blood, which was found to 

disappear from the blood after liver extirpation. 

A study of lipase and fibrinolytic ferments of the blood. 

The phenoltetrachlorphthalein test. 

The liver conjugation function of toxie substances. 


Carbohydrate Tolerance Tests.—Strauss in 1898-1900 attempted to 
explain the reason for the conflicting results obtained by the French 
and German schools as to the value of the carbohydrate tolerance 
studies in liver disease. Roger, Achard and Castaigne, Baylac, and 
Bierens de Ilaan reported that valuable information may be obtained 
by a study of the carbohydrate metabolism in cases of hepatic disease. 
On the other hand, Quincke, Frerichs, von Noorden, Kraus and Ludwig, 
Bloch, and Muller obtained results which led them to conelude that there 
is no appreciable change in the sugar tolerance in such patients. <Ac- 
cording to Strauss, the contradictory results are due to the methods used 
by the various observers, to the difference in the carbohydrate used, 
and to the quantity of carbohydrate administered. 

In 1873, Legg reported that obstruction of the bile duct prevents the 
appearance of glycosuria after Claude Bernard’s piqure. From the 
results of Wittich, Kulz and Frerichs, Cohnheim, Dastre and Arthus, 
and Hergenhahn, it would seem that stagnation of bile is followed by 
a reduction or disappearance of the glycogen from the liver. As Wein- 
traud points out, it does not follow from these experiments that the 
liver does not still form glycogen, but only that it has lost the power of 
storing glycogen. If this reasoning is correct, and is applicable to man, 
it is probable that, under conditions which require the collaboration of 
the liver for the preliminary storing of large amounts of carbohydrates, 
the icteric patient would show more easily than the healthy an alimen- 
tary glycosuria after a rich glucose intake (Weintraud). 

On an ordinary diet, Kulz and Frerichs failed to find sugar in th 
urine of such patients. Frerichs administered 100 to 200 grams 0° 
glucose to 19 vases of hepatic disease, and only in two patients (phcs 
phorus poisoning) did he find traces of glucose in the urine. In the 
other seventeen cases, no glucose was present. Roger recorded positive 
results in two cases of catarrhal jaundice and in one of gall-stones. Both 
von Noorden and Strauss never observed glycosuria in jaundiced indi- 
viduals following the administration of 150 grams of glucose on a fasting 
stomach. 
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Lépine, in repeating Colrat’s investigations (in French literature the 
testing of alimentary glycosuria is generally called epreuve de Colrat), 
supposed that not only disturbances of the portal circulation, but also 
any alteration of the liver cells, may be the cause of a glycosuria, owing 
to an insufficient retention of sugar in the liver. He, however, obtained 
positive results only in cases of atrophic cirrhosis, and not in careinoma 
of the liver or fatty liver. 

The results which others obtained after him may be best observed in 
the following table: 


TABLE 1.—RESULTS OF CARBOHYDRATE TOLERANCE TESTS. 





Atrophic Cirrhosis |Wypertrophiec Cirrhosis 





Date 
Positive | Negative | Positive | Negative 

LOPINO 64.04 26 sags OS ree keen 1876 3 — aes cae 
COUTUTIOF . 2466-6454 Sad ogee ews 1876 9 ase au == 
Robinecaud .........0. ewes 1878 ° a es 3 
NAUINONG: 35-0 aw ase doe eain ae 1879 2 4 = Dy) 
Hardy eer ery Te ee ee 1879 — 1 =< = 
Vulpian-Reymond ........... 1879 = anes oe 1 
ROGE? fs 3 eo acne Hone ewe enol, 1887 5 2 1 2 
Moscatelli ........2..00006- 1889 — 1 an me 
Bouchard. ce ck ced eases 1890 2 — ee = 
BCHapITO: «ao 3h ewan xR les 1891 ] — 1 — 
Kraus and Ludwig ......... 1891 3 4 -— 4 
BloGhy Sa nececrates eee tak ones 1892 — 3 — 1 
SUrMOUNE: -j265-s04694 kaha ee 1892 2 1 — 3 
COlABANE ..4ccs ee Kies Sees ee 1895 — 7 _— — 
Bierens de Haan ........... 1895 2 1 7] 7 
Achard-Castaigne .......... 1898 2 — —— — 
MICPAUSS: “ae Fa Sov nn de ew eae 1&98 ] 10 — 6 
INNQUNYM: Gack etade Suduoaees 1900 — 8 — — 
Bruining (dextrose) ........ 1902 2 11 —- — 

te (succhalose) ...... 1902 13 — — — 


According to this table, negative results preponderate in the more 
recent investigations, in which the authors were not convinced of the 
presence of sugar by the mere positive results of the reduction tests. 

1, SACCHAROSE TEST OF COLRAT AND OF Lfpinge.—First, 150-200 
grams of saccharose (cane or beet-sugar) are administered to the sub- 
ject on an empty stomach. The urine is collected and each specimen 
is examined by the Benedict solution. If glucose is present in the urine, 
the test is considered positive. 

Barton states that a ‘‘weighty theoretical objection is the fact that 
cane-sugar must be converted into glucose in the alimentary tract before 
it can be utilized by the organism, and the power of the intestinal juices 
to produce this conversion is in each case an unknown quantity, and, 
therefore, a source of error.”’ 

2. THE LEVULOSE TEstT.—In 1899, Sachs recorded that upon extirpa- 
tion of the liver of frogs, there was a lessened tolerance for levulose, 
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while the assimilability of other carbohydrates, such as glucose, galactose 
and arabinose was normal. Based upon these experiments, Strauss in- 
troduced the levulose test for hepatic insufficiency. 

Method.—The patient is fasted over night. Then 100 grams of levu- 
lose are administered, dissolved in a glass of water; the urine voided 
for five to six hours after this test-meal is collected and analyzed for 
levulose by the Seliwanoff reagent.* It sometimes happens that patients 
feel nauseated after the partaking of this quantity of levulose and they 
may vomit. 

Strauss concluded from seventy-seven experiments that about 80 per 
cent. of all patients with liver disease react positively to this levulose 
test. He found that only 4.5 per cent. of all hepatic cases show an 
alimentary glycosuria, thus demonstrating the superiority of levulose 
over dextrose aS a means of testing liver function. 

Normally the tolerance for levulose is not less than the tolerance 
for glucose. This is true of human beings (Voit, von Noorden), of rab- 
bits (Blumenthal) and of dogs (Schlesinger), so that the meaning of 
alimentary levulosuria in hepatic disease is rather difficult of explana- 
tion. From his collective review of literature, Strauss, in 1918, reported 
that positive results with his levulose tests are obtained in the following 
conditions : 


TABLE 2, RESULTS witH LEVULOSE TEST. 


Normal individuals ................. 15 per cent. 
Congested liver ...... 0 .......000005 1 es 
Hepatic cirrhosis ............00-000 08 83 Off 
Syphilitic Jaundice ................. (i; rn 
Obstructive jaundice ............... 625.5% 
Hepatic tumors ...............00005 aa 


Rowntree, Marshall and Chesney obtained only two positive results 
with this test in fourteen cases of cirrhosis of the liver. They have tabu- 
lated the results of Strauss, Ferranini, Landsberg, Chajes, von THalasz, 
Hohlweg, von Frey, Churchman, Falk and Saxl and Bruining. 

The table on the following page taken from Rowntree, Hurwitz and 
Bloomfield shows the attitude of various workers concerning the value 
of the levulose test. 

According to this table, it appears that the test is far from satis- 
factory, and only relative significance can be attributed to the findings 
both from the diagnostic and prognostic viewpoints. 

3. GaALacTosE Trest.—Bauer, in 1906, recommended that galactose 
be used as a test for liver function. Strauss advises that 30 grams of 
galactose be administered in the morning on a fasting stomach, and the 


* To 5 ¢.c. of Seliwanoff’s reagent (prepared hy dissolving 0.05 gram of resorcinol 
in 100 cc. of dilute, 1:2, hydrochloric acid) in a test-tube add a few drops of the 
urine and heat the mixture to boiling. A positive reaction is indicated by the pro- 
duction of a red color and the separation of a red-brown precipitate. The latter 
may be dissolved in alcohol to which it will impart a striking red color. 
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TABLE 3.—RESULTS WITH LEVULOSE TEST. 













Normal Livers | Abnormal! Livers 








Author Remarks 
Cases |Positive} Cases | Positive 

Strauss ........... 58 6 25 23 {Considers test of value. 

Ferranini ......... — — 16 15 |Test preferable to glucose 
test, which showed only 10 
positive. 

Landsberg ........ 7 4 21 9 {Test is of no importance. 

Chajes ........... 21 2 — — |Thinks that positive findings 
are rare in normal cases. 

von Halasz ........ 20 1 23 8 |The 8 positive findings were 
in cirrhosis. Test of value. 

Hohlweg .......... — — 30 9 {Ten cases were chronic con 
gestion. 

von Frey .......... = — 26 14 |Considering only those posi- 
tive with more than 0.1 
gram sugar in urine. 

Churehman ....... 38 9 12 10 {Test not conclusive. 


Collected from literature. 


—erenemnnnets | eens | en | eC 


Considers test of value. 





urine collected for the next five to six hours. The urine is tested for 
galactose by Fehling’s reagent or Benedict’s reagent, and more specific- 
ally by Tollen’s reaction.* 

Bauer found that it was of special value in cases of catarrhal 
jaundice, and this has been confirmed by Bondi and Konig, Reiss and 


Jehn, and Hirose. 

Roubitschek studied the galactose tolerance of dogs during phos- 
phorus poisoning. He found that galactosuria occurred with the acute 
degenerative changes produced in the liver cells. He believes it is only 


*To equal volumes of urine and hydrochloric acid (sp. gr. 1.09) add a little 
phloroglucinol, and test the mixture in a boiling water bath. Galactose, pentrose 
and glycuronie acid will be indicated by the appearance of a red color. Galactose 
may be differentiated from the two latter substances in that its solutions exhibit 
no absorption bands upon spectroscopical examination, and that upon oxidation it 
yields uric acid. 
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the acute conditions injuring the liver parenchyma that interfere with 
the power of the organ to synthesize galactose to glycogen. 

In chronic conditions, cirrhosis, passive congestion, ete., regeneration 
of liver cells may compensate functionally to a sufficient degree to 
prevent the occurrence of galactosuria. 

Falk and Saxl, von Frey, and Hirose have observed that this test is 
not constant in diseases of the liver other than catarrhal jaundice. 

Worner and Reiss have compared the levulose and galactose tests 
for liver insufficiency. They declare that when 40 grams of galactose 
are given for the test, an elimination of 3 grams and more must be 
regarded as positively pathologic. Levulose given for this purpose 
must be in the dose of 100 grams, and more than 0.7 grams must be 
eliminated before we can speak of a pathologie output. Alimentary 
levulosuria testifies in a general way to some injury of the liver. Patho- 
logic alimentary galactosuria, on the other hand, testifies to the exist- 
ence of certain definite liver affections and thus permits differential 
diagnosis of catarrhal jaundice, phosphorus poisoning and fatty liver. 
Circumscribed liver affections, gall-stones and cancer do not lower the 
tolerance for galactose unless infection is present. 

Strauss, from a comparative study of the levulose and galactose tests, 
found that the former gave a positive finding more than twice as fre- 
quently as did the latter. In the fourteen cases of hepatic cirrhosis, 
two were found positive with the galactose test (Rowntree, Marshall 
and (Chesney). 

Bloomfield and Hurwitz concluded from their studies of lactose tol- 
erance in chloroform and phosphorus poisoned dogs that little signifi- 
cance can be attached to carbohydrate tolerance tests (by means of 
any sugar) as an index of liver function. 

Maliwa tabulates the findings in twelve cases of liver disease, in ten 
of orthostatic albuminuria, and in twenty-one other patients, after 
ingestion of 40 grams galactose, fasting. The data demonstrate that 
intolerance for galactose is by no means an unequivocal symptom of 
insufficiency of the liver. The kidneys often have something to do with 
it. When the latter is the case, the galactose elimination begins 
abruptly and in large amounts, dropping off equally abruptly. With 
insufficiency of the liver, the curve of elimination is generally more 
protracted. 

Friedmann and Strouse have drawn the following conclusions from 
their work: ‘‘We feel justified in stating that whereas tests for car- 
bohydrate tolerance, when grouped as we have grouped our results 
(see Table 4), may indicate in a general way functional disability of an 
organ under suspicion, the tests can never be interpreted in an abso- 
lutely specific manner. The possibility of implication of other organs 
must always be borne in mind. Functional inefficiency of one gland, 
sufficient to lower the threshold of carbohydrate metabolism, may 
be entirely compensated for by functional hyperactivity of a corre- 
lated gland. Even in apparently clean-cut individual cases the tests 
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TABLE 4.—GROUP-REACTIONS TO CARBOHYDRATE TESTS. 





Levulose Dextrose 
Group Total 
Per Cent. Per Cent. 
pumnes Positive Number Positive 
Liver: 
Cirrhosis 20h-ch2a0 ee nudes ee 6 12.5 10 70.0 16 
Cholecystitis pancreatitis ... 6 66.0 2 100.0 8 
Cancer liver and pancreas... 2 100.0 2 100.0 4 
Catarrhal jaundice ........ 4 50.0 4 50.0 8 
Thyroid: 
Simple goiter ............. 5 0.0 3 0.0 8 
Hyperthyroidism ......... 18 50.0 11 63.5 29 
Hypothyroidism ........... 3 0.0 — — 3 
Hypophysis .............000. 7 43.0 3 67.0 10 
Pluriglandular ..........005. 7 08.0 5 20.0 12 
Nourasthenia ............... 33 12.0 14 28.0 47 
Miscellaneous .............-. 30 10.0 17 35.0 47 





do not follow the course one might logically expect, and, therefore, in 
doubtful cases their value must remain very limited.’’ 

Urinary Nitrogen Partition—In the liver certain stages in the in- 
termediary metabolism of protein are completed. The amino-acids are 
broken down to ammonia, which is transformed to urea. As Wein- 
traud says: ‘‘There remains to be investigated whether, in individual 
diseases of the liver, the urine yields any information regarding marked 
disturbances of these relations; likewise whether, instead of the end 
product of protein decomposition—namely, of urea—intermediary 
products appear which, like ammonia and the amino-acids, may be 
regarded as precursors of urea, and, finally, whether a lessened activity 
of the liver may be made entirely responsible for this insufficient con- 
version of nitrogenous substances. ’’ 

In obstructive jaundice the urinary nitrogen partition has been 
usually found to be normal. Such reports were made by Morner and 
Sjoquist, von Noorden and Friedrichsen, von Jaksch, Landau, Ialpern, 
Simnitzki and Rodoslowow. 

In cirrhosis of the liver, however, the nitrogen partition has been 
found to be abnormal. The ammonia values in cases of cirrhosis are 
remarkably high. Hallervorden and others obtained high values in com- 
parison with the total nitrogen decomposition. For example, Moérner 
and Sjoquist in one case found the total daily nitrogen to be 20.748 
grams, the total twenty-four hours’ ammonia to be 2.4 grams, the am- 
monia nitrogen being 9.5 per cent. of the total nitrogen, and the urea 
nitrogen 84.6 per cent. In five cases Fawitzki caleulated the ammonia 
nitrogen, on the basis of 100 parts of total nitrogen, as follows: 17.5, 
10.7, 7.6, 10.0, 9.8 parts. Gumlich found 5.7 grams total nitrogen and 
0.86 gram ammonia, the ammonia making up 12.3 per cent., and the 
urea 70 per cent. of the total nitrogen. In von Noorden’s cases the 
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ammonia nitrogen reached 8.5 to 12.6 per cent. of the total nitrogen, 
the normal value being 3 to 5 per cent. One of Schubert’s cases yielded 
ammonia nitrogen constantly over 10 per cent. of that of total nitrogen 
(in one day up to 18.17 per cent.). Such high values are, however, far 
from being usual. Indeed, in the cases of Stadelmann and Weintraud 
there were many which showed absolutely no increase in the ammonia 
output. 

The relative figures found for urea are all below those of the normal 
value—90 per cent. of the total nitrogen (Landau). In Fawitski’s six 
eases the average urea nitrogen values of long series of observations 
were found to be 78.9, 88.4, 87.1, 89.2, 88.8, 89.0 per cent. of the total 
nitrogen; in Munzer’s cases, 82.2 and 86.7 per cent.; in Morner and 
Sjoquist’s, 84.6, 73.2, and 84.9 per cent. In von Noorden’s observa- 
tions, however, the values were 77 to 79 per cent., and in Gumlich’s 
eases only 70 to 77.6 per cent. Urea given per os to such patients is 
promptly excreted (Setti and De Stefanio). 

In 1907, Glaessner showed that in most instances of liver disease, an 
unusually high excretion of amino-acid nitrogen occurred and that the 
ratio of amino-acid nitrogen to total non-protein nitrogen was increased. 
On the other hand, Levene and Van Slyke and Yoshida each reported 
two cases of liver cirrhosis in which a normal percentage of amino-acid 
nitrogen existed. 

Falk and Saxl compared several tests to determine disturbance of 
liver function in cases of hepatic disease. For purposes of study they 
have divided affections of the liver into four groups: Group I includes 
tumors of the liver, like cancer, sarcoma, ecchinococcus, amyloid liver, 
leukemia and chronic passive congestion. The parenchyma is affected 
secondarily. In Group I] they place all infections and intoxications 
(typhoid, pneumonia, tuberculosis, chloroform, alcohol, phosphorus, for 
example). Group II] contains those conditions in which the liver may 
be pathologically affected hy the escape of bile from its normal pas- 
sages (icterus from gall-stones, from complete closure of the common 
duct, and from catarrhal conditions). In Group IV are placed the 
atrophic and hypertrophic cirrhosis of the liver. As functional tests, 
Falk and Saxl employed only those of supposedly known value, ie., 
levulose, urobilin and the nitrogenous bodies—amino-acids, polypeptids, 
ammonia. Each of these tests was applied to their cases. The analysis 
of their results and of those reported in literature shows that a marked 
disturbance of liver function is disclosed, particularly in cirrhosis of 
the liver. Nitrogen ratios, urobilin excretion and tolerance for levulose 
all reveal abnormalities. Such constancy of findings is seen in no other 
hepatic disease. In Falk and Saxl’s cases these disturbances of fune- 
tion appeared early in the course of the disease. Often it was possible, 
by finding urobilinuria, levulosuria and especially abnormal nitrogenous 
ratios, to arrive at the correct diagnosis at a stage of the affection when 
only vague gastric symptoms were present. In the remaining three 
groups the findings were less useful in a diagnostic way. 

Von Moraczewski and Herzfeld studied the excretion of certain 
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urinary constituents in hepatic disease. Examination of healthy per- 
sons a8 well as of 4 cases of cirrhosis of the liver, 2 cases of catarrhal 
jaundice, one of diabetes, one of pernicious anemia, one of leukemic 
tumor of the liver and spleen, one of acid intoxication and 2 of chronic 
renal disease showed that, in general, there ensues a certain form of 
excretion in hepatic diseases which resembles the excretory conditions 
while fasting. There is a high degree of uric acid, ammonia and acetone 
excretion. Large amounts of volatile fatty acids and indican are 
always found in the urine. The acetone increase is especially noticeable 
when on a milk regimen. The increase of certain urinary constitu- 
ents runs parallel with a decrease of others. Nitrogen, for instance, is 
markedly decreased. In pernicious anemia and leukemia, uric acid is 
augmented ; this, however, is not the case with ammonia, acetone and 
indican. In diabetes, acetone and ammonia are increased; uric acid and 
the volatile fatty acids are not increased. In acid intoxication the 
volatile fatty acids, ammonia and acetone are increased, while the 
excretion of uric acid remains about normal. In nephritis nothing of 
import was noted in the excretion of the urinary constituents. Hence, 
in diseases of the liver, all aforementioned substances were increased, 
while in affections of the blood but a few of these substances were 
excreted in larger amounts. 

In eclampsia the liver is, of course, markedly involved. In such 
conditions, Ewing and Wolf found a high ammonia excretion and a low 
urea output. Edgar reports similar observations. Van Slyke has re- 
cently pointed out that this is, perhaps, the only constant factor in 
eclampsia. 

The total nitrogen, urea nitrogen, ammonia nitrogen and amino- 
nitrogen of the urine are determined in the following ways: A 24-hour 
specimen of urine 1s collected, preserved with thymol and analyzed. 

1, ToraL NitroGEN.—A jeldahl Method (Hawk).—Princtple.—The 
principle of this method is the conversion of the various nitrogenous 
bodies of the urine into ammonium sulphate by boiling with con- 
centrated sulphuric acid, the subsequent decomposition of the am- 
monium sulphate by means of a fixed alkali (NaOII) and the collection 
of the liberated ammonia in an acid of known strength. Finally, this 
partly neutralized acid solution is titrated with an alkali of known 
strength and the nitrogen content of the urine under examination 
com puted. 

Procedure.—Place 5 c.c. of urine in a 500 «.c. long-necked Jena-glass 
Kjeldahl flask, add 20 e.c. of concentrated sulphuric acid and about 0.2 
gram of copper sulphate and boil the mixture for some time after it 
is colorless (about one hour). If a suitable hood or fume chamber is 
not available the sulphuric acid vapors may be carried away by suction. 
Connect the outlet tube of a 2-3 liter wash bottle filled with caustic 
soda solution with a suction pump. Connect the inlet tube with a 
Folin fume absorption tube. If such a tube is not at hand a small 
funnel may be attached. Place the absorption tube loosely over the 
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mouth of the digestion flask and pass a constant current of air through 
the apparatus. 

Allow the flask to cool and dilute the contents with about 200 c.c. 
of ammonia-free water. Add a little more of a concentrated solution 
of NaOH than is necessary to neutralize the sulphuric acid and intro- 
duce into the flask a little coarse pumice stone or a few pieces of granu- 
lated zinc to prevent bumping, and a small piece of paraffin to lessen 
the tendency to froth. By means of a safety-tube connect the flask 
with a condenser so arranged that the delivery-tube passes into a vessel 
containing a known volume (the volume used depending upon the nitro- 
gen content of the urine) of N/10 sulphuric acid, using care that the 
end of the delivery-tube reaches beneath the surface of the fluid. Mix 
the contents of the distillation flask very thoroughly by shaking and 
distill the mixture until its volume has diminished about one-half. 
Titrate the partly neutralized N/10 sulphurie acid solution by means 
of N/10 sodium hydroxid, using congo red as an indicator, and calculate 
the content of nitrogen of the urine examined. 

Calculation.—Subtract the number of cubic centimeters of N/10 
sodium hydroxid used in the titration from the number of ¢¢. of N/10 
sulphuric acid taken. The remainder is equivalent to the number of 
e.c, of N/10 sulphuric acid neutralized by the ammonia of the urine. 
One c.c. of N/10 sulphurie acid is equivalent to 0.0014 gram of nitrogen. 
Therefore, if y represents the volume of urine used in the determination, 
and y’ the number of cubic centimeters of N/10 sulphurie acid neutral- 
ized by the ammonia of the urine, we have the following proportion : 


y : 100::y’ X 0.0014 : x (percentage of nitrogen in the urine 
examined). 


2. Urea NItTrRoGEN.—(a) Marshall’s Urease Method.—Procedure.— 
Two 5 ¢.c. portions of the urine are measured into flasks of 200-300 c.c. 
capacity and diluted with distilled water to about 100-125 ¢.c. One c.e. 
of a 10 per cent. solution of urease 1s added to one flask, a few drops of 
toluene to each and the solution allowed to remain, well-stoppered, at 
room temperature over night (or five hours). The fluid in each flask is 
titrated to a distinct pink color with N/10 hydrochloric acid using 
methyl orange as an indicator. A few eubic centimeters of the enzyme 
solution used should also be titrated to determine the amount of N/10 
hydrochloric acid required to neutralize 1 ¢.¢. 

Calculation.—The amount of hydrochloric acid required for the 
contents of the flask containing the urine and enzyme solution, less the 
amount used for 5 e.c. of urine alone and that previously determined 
for 1 c.c. of enzyme solution, corresponds to the urea originally present 
in the sample of urine. Since 1 cc. of N/10 HCL is equivalent to 
3 mg. of urea, the number of ¢c.c. required, multiplied by 0.6, gives the 
value of urea expressed in grams per liter of urine. 

(b) Benedict’s Method.—The urea is decomposed by heating with 
a mixture of potassium bisulphate and zine sulphate. The fact that 
the hydrolyzing agent is a salt and that the digestion takes place in 
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the practical absence of water seems to insure less decomposition of 
substances other than urea. The ammonia formed is distilled off and 
determined in the usual manner. 

Procedure.—F ive c.c. of urine are introduced into a rather wide 
Jena-glass test-tube, about 3 grams of potassium bisulphate and 1-2 
grams of zinc sulphate added, a small quantity of powdered pumice 
and a bit of paraffin are introduced and the mixture boiled almost to 
dryness either over a free flame or by immersion in a sulphurie acid 
bath at about 130° F. The tubes are then weighed (a screw clamp 
is convenient) and immersed for three-fourths of their length in a 
bath of sulphuric acid at a temperature of 162°-165° F. (not lower) 
for one hour. 

The contents of the tube are then washed into an 800 c.c. Kjeldahl 
distillation flask, diluted to about 400 c.c. with water, made alkaline 
by the addition of 15-20 c.c. of 10 per cent. KOH (or 25 ec.c. 15 per 
cent. Na.CO,) and distilled as usual in the Kjeldahl method. The value 
obtained must be corrected for ammonia by a separate determination of 
the latter. 

3. AMMONIA NITROGEN.—Folin’s Method.—Princtple-—The am- 
monia of the urine is set free by the addition of an alkali and this 
ammonia is then carried over by an air current into a flask containing a 
measured amount of standard acid. The excess acid is then titrated. 
The necessity for distillation is avoided. 

Procedure —Place 25 c.c. of urine in an aérometer cylinder, 30-40 
em. in height, add about 1 gram of dry sodium carbonate and intro- 
duce some crude petroleum to prevent foaming. Insert into the neck 
of the cylinder a rubber stopper provided with two perforations, into 
each of which passes a glass tube, one of which reaches below the sur- 
face of the liquid. The shorter tube (10 cm. in length) is connected 
with a calcium chlorid tube filled with cotton, and this tube is in 
turn joined to a glass tube extending to the bottom of a 500 c.c. wide- 
mouthed flask which is intended to absorb the ammonia, and for this 
purpose should contain 20 ¢e.c. of N/10 sulphuric acid, 200 e.c. of am- 
monia-free distilled water and a few drops of an indicator (alizarin 
red or Congo red). To insure the complete absorption of the ammonia 
the absorption flask is provided with a Folin improved absorption tube, 
which is very effective in causing the air passing from the cylinder 
to come into intimate contact with the acid in the absorption 
flask. In order to exclude any error due to the presence of ammonia 
in the air, a similar absorption apparatus to the one just described is 
attached to the other side of the aérometer cylinder, thus insuring the 
passage of ammonia-free air into the cylinder. With an ordinary filter- 
pump and good water-pressure the last trace of ammonia should be 
removed from the cylinder in about one and one-half hours. The num- 
ber of ¢.c. of the N/10 sulphuric acid neutralized by the ammonia of the 
urine may be determined by direct titration with N/10 sodium hydroxid. 

Calculation.—Subtract the number of c.c. of N/10 sodium hydroxid 
used in the titration from the number of c¢.c. of N/10 sulphuric acid 
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taken. The remainder is the number of c.c. of N/10 sulphuric acid neu- 
tralized by the NH, of the urine. One c.c. of N/10 sulphuric acid 1s 
equivalent to 0.0017 gram of NHs. Therefore, if y represents the vol- 
ume of urine used in the determination and y’ the number of e.c. of 
N/10 sulphuric acid neutralized by the NH; of the urine, we have the 
following proportion: 


y:100:: y’ K 0.0017: x (percentage of NH; in the urine examined). 


4, AMINO-AcID NiTRoGEN.—Henriques-Sérensen Method.—Proce- 
dure.—The determination of the amino-acids is carried out as follows: 
The solution to be analyzed, if carbonates, phosphates and ammonia are 
absent, is made neutral to litmus (paper) and the solution titrated with 
formaldchyd as below. In case carbonates, phosphates or ammonia are 
present a preliminary treatment is necessary which will vary according 
to the quantity of ammonia present. 

(1) For Small Amounts of Ammona.—Applicable to most urines. 
Fifty c.c. of the material under examination is pipetted into a 100 e.c. 
measuring flask and 1 ¢.c. phenolphthalein solution and 2 grams of solid 
barium chlorid are added; the whole is shaken to saturate the solution 
with barium chlorid; saturated barium hydroxid solution is added until 
the red color of the phenolphthalein develops and then an excess of 5 
e.c. is added. The flask is filled to the graduation mark with water, 
shaken and permitted to stand for 15 minutes after which it is filtered 
through a dry filter. Eighty ¢.. of the clear red filtrate (which cor- 
responds to 40 e.c. of the liquid under examination) are placed in a 
100 ¢c.c. measuring flask, neutralized to litmus and diluted to 100 e.c. 
with freshly boiled water. Equal portions of this solution, 40 c.e. 
(equivalent to 16 ¢.c. of the original solution), may be taken for analysis, 
one for the formal titration and the other for the determination of 
ammonia nitrogen. 

(2) For Large Amounts of Ammonia.—After the treatment with 
phenolphthalein, barium chlorid and barium hydroxid, and after the 
solution has been diluted to 100 ¢.e. as in (1) above, the ammonia is 
distilled off, on vacuo. 

In case the solution is deeply colored, as in protein digests, it may 
be necessary to decolorize before the titration is attempted. 

Final Titratton.—For the final titration a volume of from 20-40 e.c. 
which contains approximately 0.025 gram of nitrogen is the most de- 
sirable. A control solution is run composed of an equal volume of boiled 
distilled water and 20 cc. of the formaldehyd mixture. This control 
solution is colored so that its tint matches that of the solution tv be 
titrated. 

To this control is added about half the volume of N/5 alkali which 
will be used in the titration of the solution under investigation and it 
is then titrated with N/5 acid to a faint red (first stage). 

An additional drop of N/5 alkali is added, which imparts a distinct 
red to the solution (second stage). 

The solution to be analyzed is now titrated to the color produced 
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in the second stage of the control. The formaldehyd mixture is now 
added: 10 e.c. for each 20 e.c. of the solution, and the mixture again 
titrated to the second stage with N/5 alkali. 

Two drops of the N/5 alkali are now added to the control solution, 
which assumes a deep red color (third stage). Fifth normal alkali is 
added to the solution under examination until it assumes a color corre- 
sponding to the third stage of the control. This completes the titration. 

Calculation.—The calculations are similar to those which pertain to 
any acidimetry procedure. Each c.c. of an N/5 alkali or acid solution 
is equivalent to 0.0028 gram of nitrogen. An example will illustrate 
the procedure: 40 ¢.c. of solution (16 c.c. of urine) required 5.10 c.e. 
N/5 NaOH; control, 0.10 ¢.c. N/5 NaOH; total required for amino-acids 
5.00 ¢.c. equivalent to 0.0014 gram of nitrogen. Ammonia nitrogen in 
16 c.c. of urine, 0.007 gram N. Then 0.014 — 0.007 = 0.007 gram amino- 

acid nitrogen in 16 ¢c.c. of urine. 

Rowntree, Marshall and Chesney made a comparative study of a 
number of liver function tests in 45 cases. The results obtained may 
best be represented by Table 5, taken from their published report. 

Urobilinogen Excretion —Sicniricancs or Urosmin Excretion.— 
Wilbur and Addis draw the following conclusions as to the significance 
of urobilin excretion. 

1. The intestinal formation of urobilin from the decomposition of 
bile present within the bowel is the usual mode of origin. In complete 
closure of the common duct due to carcinoma, for instance, there is 
usually absence of urobilin from the urine, bile and stools. 

2. There is evidence that the diseased liver may originate urobilin 
either directly as a product of its cells, or indirectly from decomposi- 
tion of bilirubin within the bile passages. Thus, patients in whom no 
bile is reaching the intestine may nevertheless show urobilin in large 
amounts in the bile, and to some extent even in the urine and stools if 
the liver itself is diseased or functionally deficient. The urobilin in the 
urine and stools of such cases must be due to excretion from the blood of 
urobilin absorbed from the liver. 

The usual sequence in hemoglobin metabolism may be represented by 
the accompanying scheme (Wilbur and Addis). 


SCHEMATIC REPRESENTATION OF USUAL SEQUENCE IN IITEMOGLOBIN 


METABOLISM 
Liver Bile Passages Intestine 
Hemoglobin———>Bilirubin———> Urobilin 
Intestine Portal Blood stream Liver 
Part Excreted Part excreted in bile 


oe Urobilin (Form?) € Bilirubin Hemoglobin (?) 


Part Destroyed (?) Part carried in general circulation to 
kidneys and excreted wholly or in part. 
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On this hypothesis, bilirubin is broken down to urobilin in the intes- 
tine and the absorbed urobilin is synthesized in the liver to bilirubin 
and perhaps by a reverse action again to hemoglobin. 

Under abnormal conditions in the liver, formation of bilirubin from 
the absorbed urobilin from the intestine may fail, and further, there 
may be a reduction of bilirubin to urobilin in the liver itself, a reversal 
of the normal process. 

Under these circumstances, the accumulated urobilin in the liver will 
be absorbed by the blood stream and excreted in the urine. 

3. An increased quantity of urobilin in the stools indicates increased 
blood destruction. 

In such cases, urobilin may appear in excessive amount in the urine 
apart from obvious disease of the liver, because, the quantity of urobilin 
carried to the liver from the intestine being so much increased, the frac- 
tion carried past the liver into the general circulation and so to the 
kidneys is sufficient to lead to an obvious urobilinuria. 

4, There is a close association between increase of urobilin in the 
urine and disturbance of liver function. But even if increased blood 
destruction is excluded by urobilin estimations in the stools, it 1s not at 
present possible to regard the amount of urobilin in the urine as an 
approximate guide to the functional efficiency of the liver. The occa- 
sional occurrence of large amounts of urobilin in the urine of patients 
in whom there is no reason to suspect damage to the liver, the great 
and irregular fluctuations of urobilin excretion in cases of liver disease 
from hour to hour and from day to day, and the want of knowledge 
as to the fate of urobilin in the blood and tissues make it necessary 
to recognize that there may be other factors besides the condition of 
the liver and the amount of blood destruction which influence the excre- 
tion of urobilin in the urine. 

VALUE OF URoBILIN TEst.—The conclusions of Wilbur and Addis, so 
far as the clinical value of the test is concerned, are as follows: 

1. Hepatic Cirrhosis ——Urobilinuria is of marked value as evidence 
of a definite pathological change in the enlarged liver of alcoholic per- 
sons and occurs almost constantly in the hypertrophic stage of hepatic 
cirrhosis. In our cases, we did not find any increase of urobilin in 
the stools. While in advanced cases, part of the urobilin in the urine 
may be derived from the formation of urobilin from bilirubin in the 
liver, it is probable that as a rule it is due to failure on the part of 
the liver to synthesize to bilirubin the urobilin brought to it from 
the intestine. 

2. Hepatic Stasts—Estimations of urobilin in the urine are of value 
in judging the amount of damage done to the liver parenchyma by 
chronic passive congestion. Hence, a marked increase of it is of ominous 
prognostic significance in cardiac decompensation. 

3. Jaundice.—Urobilinuria is absent or insignificant in cases of ob- 
structive jaundice. Its intermittent occurrence points to an incomplete 
obstruction with concomitant damage to the liver. It is present in the 
icterus of cases of increased destruction of the red blood-cells. Careful 
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studies for urobilin should be made in suspected cases of chloroform 
poisoning, acute yellow atrophy and other similar conditions in which 
the liver is apt to be damaged. 

4. Malaria.—The great increase of urobilin in the stools and the 
urobilinuria which occurs in severe cases of malaria is of diagnostic 
importance in obscure febrile conditions. The persistence of urobilinuria 
after malarial attacks, when there is no fever and no increase of uro- 
bilin in the stools, can be taken as evidence of some complication such 
as hepatic cirrhosis or abscess. 

5. Anenuas—By means of urobilin estimations in the stools and 
urine, those forms of anemia associated with an increased blood de- 
struction may be differentiated. It is probably in this field that the most 
valuable clinical results will be obtained. The contrast between the 
very large total urobilin elimination in the author’s cases of pernicious 
anemia as compared with the small amount found in secondary anemias 
following hemorrhage or carcinoma was very striking. 

6. Pneumonia. —A slight increase of urobilin with additional 
amounts at the time of resolution does not indicate severe damage of 
the liver parenchyma in this disease. It is probably due to a clogging 
of the liver with the products of resolution and absorbed hemoglobin 
from the affected lung. A study of the curve of this elimination may 
be of value in certain pneumonias. Allowances must always be made 
for other factors, such as constipation, diarrhea and the inability of 
the kidney to eliminate urobilin readily in the presence of a compli- 
cating severe nephritis. The early appearance of large quantities of 
urobilin in the urine in pneumonia, particularly in the presence of 
jaundice, makes the prognosis grave. The occurrence of urobilin in the 
serum of pneumonia patients is of the gravest prognostic significance. 
It is recognized apparently by our present methods only in the pres- 
ence of a degree of cyanosis markedly unfavorable to the life of the 
individual. 

7. Carcinoma.—Except in those cases in which there is practically 
a complete disappearance of urobilin from the excretions, due to an 
obstruction of the common duct from carcinoma, the author has not 
found its estimation in carcinomatous cases to be of evident clinical value. 

8. Infections—In infectious processes causing parenchymatous 
changes in the liver or accompanied by hemolysis, urobilin estimations 
are of definite value in estimating both of these factors in any given 
ease. There is apparently an approximation between the urobilin ex- 
eretion in the urine and feces and the amount of blood destruction. 
In such infectious processes as amebic colitis, the appearance and con- 
stant presence of urobilin may be of marked value in indicating the 
presence of inflammatory liver conditions, particularly abscess. 

9. Scarlet Fever, Measles—The majority of measles cases present 
urobilinuria in excess, but, as might be expected, the amount is less 
and the duration shorter than in scarlet fever with its more definite 
damage to the hepatic cells. 

10. Decompensation.—As indicated previously, marked urobilinuria 
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is indicative of pathological change in the liver in the stasis of decom- 
pensation. This circulatory stasis calls for the use of increasing amounts 
of hemoglobin within the body and is associated with a greater pro- 
duction and elimination of bilirubin leading to an inability on the part 
of the overburdened and congested liver to modify the abnormal amounts 
of urobilin reaching it. <A return of compensation is often indicated 
by the disappearance of a qualitative urobilinogen or urobilin test. 
Decompensations in markedly anemic persons are not so apt to be 
accompanied by increased amounts of urobilin until very profound 
stasis occurs. 

11. Nephritts—Severe nephritis of various types, even in the pres- 
ence of increased production of urobilin, may prevent definite urobili- 
nuria. Large amounts of urobilin in the urine may be taken as indirect 
evidence of a certain degree of efficiency in the renal epithelium. 

QUANTITATIVE METHODS FOR UROBILIN EstTIMATION (Wilbur and Ad- 
dis)—1. In Urine.—Following is a summary of only the most essential 
points of the methods which are in use: 

Almost all the work done has been with the urine. The methods 
may be divided roughly into those requiring a separation of the urobilin 
from the urine by means of precipitation with ammonium sulphate; 
secondly, those depending on the spectroscopic absorption bands of 
urobilin; and thirdly, those based on the property of fluorescence, and 
lastly colorimetric methods depending on the violet color produced by 
copper sulphate in urobilin solutions. 

(a) Methods Involving Salting Out of Urobilin by Means of Am- 
montium Sulphate——Hoppe-Seyler in 1891 estimated urobilin in urine 
gravimetrically. The acidified urine was saturated with ammonium 
sulphate, and the precipitate extracted with chloroform and alcohol. 
The solution was evaporated, the residue dissolved in ether, filtered 
and evaporated, and the residue dissolved in alcohol, evaporated and 
weighed. 

Viglezio, in the same year, recommended a method which depended 
on the salting out of the urobilin with ammonium sulphate and its 
solution in alcohol. The amount was gauged by noting how much of 
this solution was required to produce a certain grade of fluorescence or 
the appearance of the spectroscopic absorption bands, when it was added 
to a solution of zine chlorid. 

Studenski added copper sulphate to the urine, precipitated with 
ammonium sulphate, and dissolved the copper compound of urobilin in 
chloroform. This color was compared with that produced by copper 
sulphate in a solution of urobilin of known strength. 

Ladage recognized the necessity of taking the urobilinogen into 
account and recommended that iodin be added to convert it to urobilin. 
The urobilin was then precipitated by saturation of the urine with am- 
monium sulphate, and the acid chloroform solution diluted until the 
spectroscopic absorption became invisible. In Fr. Miiller and Hup- 
pert’s method a mixture of barium chlorid and barium hydrate is 
added to the urine, and the precipitate is filtered off and washed with 
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hot water. The excess of barium in the filtrate is removed by sodium 
sulphate, and the filtrate after neutralization with sulphuric acid is 
saturated with ammonium sulphate. The precipitated urobilin is filtercd 
off, allowed to dry in the air and extracted three times after acidifica- 
tion with a warm mixture of alcohol and ether. This solution is then 
evaporated to a convenient bulk and the amount of urobilin estimated 
spectrophotometrically. 

Charnas, in 1909, gave as an alternative method to the one based on 
the spectroscopic characteristics of urobilin, a gravimetric method in 
which after all urobilinogen in an ether extract of the urine has been 
converted into urobilin by exposure to sunlight, the urobilin is separated 
by water from the ether, and after filtration precipitated by ammonium 
sulphate, dried, dissolved in alcohol, the aleohol evaporated in vacuo and 
the residue weighed. 

(6) Spectroscopic Methods.—Gerhardt (1889) and Beck (1895) made 
estimations by means of the spectrophotometer using Vierordt’s tables 
of the grade of light extinction in different regions of the spectroscope 
in normal urine and solutions of urobilin. 

Saillet (1897) extracted the freshly passed urine with acetic ether. 
In another specimen the urobilinogen was converted into urobilin by 
exposure to light and then extracted. The two extracts were added 
together and diluted until the spectroscopic band disappeared. 

Conner and Roper (1918) made approximate measurements of the 
amount of urobilin in urine by noting the number of dilutions required 
to obliterate the urobilin band in the urine. They recommend the addi- 
tion of a few drops of Lugol’s solution to the urine in order to convert 
the urobilinogen into urobilin. 

Auche (1909) found that a solution of urobilin of 1: 200,000, pre- 
pared by a method he describes, is sufficient to make the five absorption 
bands of potassium permanganate all of equal intensity, although with- 
out it some are lighter than others. IIe, therefore, superimposes the 
urine, which in some cases has to be extracted with a thymol-chloroform 
solution, over a solution of potassium permanganate and dilutes the 
urine or its extract until all the bands are of equal intensity. 

Simpson (1910) acidifies the urine with sulphuric acid and exposes 
it to light for some time in order to convert urobilinogen to urobilin. It 
is then diluted until the urobilin band disappears. This method gives 
fairly accurate results when a dilution of fifteen or more volumes is 
necessary, With smaller amounts the reading is apt to be obscured by 
other pigments. 

Hausmann (1913) adds copper sulphate to the urine and dilutes 
until the spectrum becomes invisible. 

Henocque, Hayem, Gautretet, Deniques, Hildebrandt, Riva and Zoja 
have used one modification or another of these spectroscopic methods. 

Charnas (1909) makes the urine alkaline, allows it to ferment at 
37° C. (98.6° F.) for from twenty-four to forty-eight hours, acidifies 
with tartaric acid and extracts with ether and petroleum benzin. To a 
portion of the ether extract an ethereal solution of paradimethylamino- 


LIVER FUNCTION TESTS 111 


benzaldehyd is added and two to three drops of absolute alcohol satu- 
rated with hydrochloric acid gas. After dilution, if necessary, with 
alcohol, a spectrophotometric reading is made. 

(c) Methods Depending on the Property of Fluorescence.—Grimm 
(1893), Fischler (1906), Grigant and Monod (1909), and Descomps 
(1909) estimated the amount of urobilin by the intensity of the fluo- 
rescence present in the zine salt filtrate of the urine. Various devices are 
adopted to aid the conversion of urobilinogen into urobilin. 

(d) Colorimetric Methods.—Bogomaloft (1892) used a colorimetric 
method depending on the depth of the red-violet color produced in a 
chloroform extract of urine containing urobilin by the addition of 
copper sulphate. 

Braunstein (1903) used a modification of this method. 

Flatow and Brunell (1913) estimate the amount of urobilinogen in 
fresh urine from the depth of the red color given on the addition of 
Ehrlich’s reagent. As a standard they use a phenolphthalein solution 
to which a few particles of metallic sodium have been added. 

Brugsch and Retzlaff (1912) modify Charnas’ method by extracting 
the alkaline urine first with ligroin. They make the final reading with 
Plesch’s colorimeter, using a solution of Bordeaux red as the standard. 

2. The Stools.—Quantitative estimations of urobilin in the stools 
have been carried out by comparatively few investigators. Gerhardt 
at first used a somewhat complicated process of extraction and puri- 
fication, but later, except in special cases, simply extracted with acid 
aleohol and read spectrophotometrically. Auche extracts with alcohol, 
removes other pigments by shaking with ligroin and thereafter makes 
the same spectroscopic determination as he employs in urine extracts. 

Simpson (1910) mixes the day’s feces with water and adds enough 
dilute sulphurie acid to make the mixture distinctly acid. For one or 
two days full exposure to light is allowed to convert the chromogen into 
urobilin. Filtration is then carried out and the residue repeatedly 
extracted until the filtrate becomes colorless. Direct examination of the 
filtrates is made and the amount determined from the degree of dilution 
required to obliterate the spectroscopic band. 

Brugsch and Retzlaff (1912) attempt to convert all the urobilin into 
urobilinogen by allowing the stools to stand for some time before extract- 
ing with ligroin, to remove indol derivatives, and then extract with acetic 
ether. After the addition of paradimethylamino-benzaldehyd they make 
a colorimetric determination, as in their method with urine. 

A. Edelmann describes a modification of Schmidt’s urobilin test 
which is applicable to both urine and feces and which is much quicker 
than the original test. Instead of a saturated aqueous solution of bi- 
chlorid of mercury, he employs a saturated alcoholic solution; the latter 
contains about twice as much bichlorid as the aqueous solution. The 
technic for applying the test to the urine is as follows: Two reagents 
are necessary: (1) a concentrated alcoholic solution of bichlorid of 
mercury; (2) a 10 per cent. alcoholic solution of zine chlorid, and 
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amyl aleohol. About 10 ec. of urine in a test-tube are treated with 
half the volume of concentrated alcoholic sublimate solution, mixed, and 
then shaken with amyl alcohol (which is best accomplished by pouring 
the contents down the wall of a second test-tube several times). To 
the clear amyl alcohol layer which quickly separates above, several c.c. 
of the alcoholic zinc chlorid solution are added; or the amyl alcohol 
may be poured into another tube and treated with zine chlorid. With 
large amounts of urobilin the amyl alcohol is saturated with the pig- 
ment and shows a beautiful rose-red color (only with pathological 
amounts of urobilin) and the addition of zine chlorid produces an intense 
green fluorescence. With small amounts of urobilin, if the fluorescence 
is not visible with diffuse light, the light may be focused on the tube 
with a convex lens, or the light from a small electric flash may be 
employed. By this means traces of urobilin may be detected. In apply- 
ing this test to the stools, several grams of feces are rubbed in a mortar 
with a very small amount of water. Then an excess of reagent I is 
added, and rubbed a minute longer and filtered into a clean test-tube. 
The addition of a few c.c. of solution II to the filtrate, which is red in 
the presence of urobilin, causes a green fluorescence. 

3. In Serum—No quantitative work has been done with serum. 
The methods employed for the detection of urobilin in serum were re- 
viewed by Conner and Roper. We shall refer, therefore, only to those 
which have appeared since their publication. 

Morel and Monod (1908) add alcohol to the serum and heat to boiling 
for half an hour. The filtrate is concentrated and a drop of Ober- 
meyer’s reagent and an alcoholic solution of zine acetate and acetic 
acid are added. After twenty-four hours the filtrate is examined for 
fluorescence. 

Auche (1909) adds a solution of iodin in potassium iodid to the 
serum and afterward some zine cyanate in ammonia and filters. The 
filtrate is examined spectroscopically. 

Fromholdt and Nersessoff (1912) precipitate the oxalated plasma 
with alcohol, filter, concentrate, acidify, and shake with amyl] alcohol, 
and then with alkaline water. The water is then made acid and shaken 
with amy! alcohol and examined spectroscopically. 

Von Jaksch (1892) considered the presence of urobilinogen in the 
urine as indicative of hepatic disease. Neubauer demonstrated that 
Ehrlich’s paradimethylamino-benzaldehyd test given by certain urines 
is really a test of urobilinogen.* The work of Munzer, Munzer and 
Bloch, Fischler, Bauer, Falk and Sax] and others indicates that uro- 
bilinogen occurs in the urine in many forms of liver disease. 


* The solution is prepared in the following way: 


Paradimethylamino-benzaldehyd .............ccee ee eeee 2 grams 
Hydrochloric avid—concentrated ............. 2c cee eee 50 ¢.e. 
W@lCTS210 CL eotde re eos cea 2 cea es wean an 100 c.c. 


A pink or red color results with a positive urine upon addition of a few drops 
of the solution to 5 c.c. of the urine. 
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In six cases of diseases of the liver, Wilbur and Addis found the fol- 
lowing dilution values of urobilin in urine and stools: 


TABLE 6, oe eeneee OF THE LIVER WITHOUT MUCH, IF ANY, INTERFERENCE WITH THE 
ENTRANCE OF BILE INTO THE INTESTINES. 


Length of Period of ; ; Average Urobilin 

No. Gbecriation (Days) Diagnosis Daily Urine Stools 
1 53 Portal cirrhosis 572 3,647 
2 10 Portal cirrhosis 241 3,088 
3 14 Cirrhosis (syphilitic ) 456 3,451 
4 30 Bronzed diabetes 5,800 7,400 
5 4 Hanot’s cirrhosis 2,034 3,360 
6 15 Abscess of the liver 1,713 4,047 


Methylene Blue Test.—This test is, in the author’s opinion, of abso- 
lutely no value. It will be described here only for the sake of complete- 
ness. In 1899, Chauffard and Castaigne advised the following test to 
determine the functional sufficiency of the liver: One c.c. of a 5 per cent. 
solution is injected subcutaneously or, as Roche recommended, 0.002 
gram of the dye is taken by mouth in a capsule in the morning on a fast- 
ing stomach, The urine should become colored in one-half hour, becoming 
deepest in color from three to four hours after the injection. If the 
elimination is delayed, ete., or occurs at irregular intervals, the test is 
considered positive. Of course, kidney disease will interfere with this 
test. 

Phenoltetrachlorphthalein Test.—In 1909, Abel and Rowntree con- 
ducted pharmacological experiments on animals with phenoltetrachlor- 
phthalein, which was synthesized by Professor Orndorff, of Cornell 


University. 
(rs 


Its formula is: 
Cl 
Phenoltetrachlorphthalein 
They found that this substance, when injected intravenously, was ex- 
creted in the bile. At the suggestion of Rowntree, Whipple, Mason and 


Peightal studied the excretion of this substance in the bile when the 
VOL, II.—8. 
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liver was subjected to artificial lesions. These authors found that in 
dogs wh:ch had been poisoned by phosphorus, for example, there was 
interference with the excretion of the phthalein. It was then that 
Rowntree, Marshall and Chesney applied the tests clinically and 
obtained rather encouraging results. 

The phenoltetrachlorphthalein test is applied in the following 
manner : 

The dye is to be prepared for use each time. One gram of the sub- 
stance is placed in a 200 ¢.c. Erlenmeyer flask, with two e.c. of 2/N 
sodium hydroxid solution and 18 c.c. of freshly distilled water. This 
is boiled for twenty minutes under a reflux condenser. The solution 
is filtered into a 100 c.c. flask, and is ready for use. This gives approxi- 
mately a 5 per cent. solution, which is almost isotonic with blood. The 
solution is of an intense purplish-red color; it will not keep for more 
than a few days. Arbitrarily 8 c.c. of this solution, approximately 400 
mg. of the phthalein has been selected. This amount is sufficient to 
give a most intense purplish-red color to 20 liters of water. Its admin- 
istration in health is never followed by the appearance of the dye in 
the urine, and this amount insures in health an intense color in the final 
preparation of the feces, which is used for the quantitative determina- 
tion. The dye is administered intravenously by gravity with antiseptic 
and aseptic precaution and with the usual intravenous technic. The 
funnel and system are filled with freshly distilled water, and after the 
flow is well established the phthalein solution is added. From 50 to 100 
e.c, of water are used and the phthalein solution is washed in with 
freshly distilled water until the fluid entering the vein is colorless. Ten 
to fifteen minutes are required for its administration. Physiological salt 
solution may be preferable to distilled water for use in this injection. 

Active purgation is instituted prior to the administration of the dye, 
and throughout the time of observation, usually by means of compound 
cathartic pills. The stools are collected for forty-eight hours, the urine 
for twenty-four hours. In the event that little or no feces are obtained, 
enemata are used, but unless a normal amount of dye is recovered the 
test must be discarded, since low findings under this condition could 
not be accepted. 

The total forty-eight-hour feces are placed in a two-liter bottle and 
diluted with water to one or 1.5 liter, depending on their amount. This 
is placed in a shaking machine for from five to twenty minutes. With- 
out allowing time for sedimentation, one-tenth of the total is placed in 
a one-liter flask and to this 1s added 5 ec.c. of 40 per cent. sodium hy- 
droxid, which causes the mixture to take on a very red color. Dilution 
is made with water to 1 liter. A stopper is inserted and the mixture 
thoroughly shaken; 100 ¢c.c. of this preparation is placed in a 200 e.c. 
flask, 5 c.c. of lead acetate added, resulting in a decolorization of the 
mixture through the throwing out of a heavy lead precipitate which 
carries down the pigments, leaving a clear colorless supernatant fluid. 
Then 5 c.c. of 40 per cent. sodium hydroxid are added; this again elicits 
the red phthalein color, but does not redissolve the other lead pigment 
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combination. In certain instances 5 ¢.c. of sodium hydroxid at this point 
are not sufficient to elicit the maximum intensity of red, and more should 
be added until maximum intensity is reached, but not sufficient to free 
the other pigments from their insoluble lead combinations. The contents 
of the flask are made up to 200 ¢c.c., shaken, and a small part filtered off, 
or the solution is allowed to stand for five minutes, when in many cases 
a clear red, supernatant fluid ready for estimation can be decanted. 
This solution is compared in a Rowntree and Geraghty modification of 
the Autenreith and Konigsberger colorimeter with 20 mg. to a liter 
solution of the disodium salt of tetrachlorphenolphthalein (e.g., 0.4 c.e. 
of original solution to one liter, plus sufficient sodium hydroxid to insure 
maximum color). With these dilutions the amount of dye present is 
indicated directly in percentages. 

When the amount recovered is below normal, it is advisable to add 
2 to 3 e.c. more alkali to the 200 ¢.c. preparation, and redetermine, thus 
insuring that the maximum color has been elicited. The addition of large 
quantities of alkalis is undesirable, since it sets free the other pigments, 
rendering the solution yellowish-red instead of purplish-red. Not more 
than ten minutes are required to carry out this test after the feces are 
removed from the shaker. Where difficulty is experienced on account 
of the quality of the color, the following procedure may prove of some 
value in certain instances: After the addition of about 10 ee. of 40 
per cent. sodium hydroxid, the feces are made up with water to 1 liter. 
To one-tenth of this is added 5 ¢.c. sodium hydroxid and water up to 
1 liter. Of this 100 c.ec. are placed in a 200 ¢.c. flask and to it are added 
5 to 10 «.c. or more of caleium chlorid mixture until the best quality of 
color is elicited. Dilution is made to 200 ¢.c., the mixture is allowed to 
stand from one-half to twenty-four hours, and a small amount of the 
supernatant fluid is filtered off and read against the standard. 

Rowntree and his collaborators are quite enthusiastic as to the value 
of this test. Their results may be presented in the following table: 


TABLE 7.—RESULTS OF THE PHTHALEIN TEST, 


Less than 30 Urine 


Examined Per Cent. Examined Positive 

Cirrhosis ......cc00s0es> 18 7] 11 7 
Congestion .............. 32 11 10 6 
Careinoma of liver ...... 6 6 3 2 
Carcinoma ............. 5 3 3 2 
Luetic liver ............. 5 2 2 1 
Severe anemia .......... 9 7 1 0 
Miscellaneous ........... 5 2 oh 2 

OCB est hte eas ae 80) 40 32 20 
Normals ..........2+.0:. 33 2 22 3 


TGtel > 4 wae oceans 113 42 04 23 
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They state that it is evident that a phthalein output of less than 
30 per cent. and the appearance of phthalein in the urine is infrequert 
in health and frequent in anatomically diseased livers. A normal 
phthalein output does not indicate the absence of a diseased liver, but 
that demonstrable functional changes do not accompany the anatomical 
changes. In the eleven cases coming to autopsy, pathological findings 
contraverting the functional findings have not been encountered. Ab- 
sence of marked diffuse pathological changes has been noted in several 
instances in which the functional studies showed a good function where 
clinically severe liver injury was suspected. The autopsy findings serve 
to increase our confidence in the test. In one instance a microscopic 
study of the liver suggested greater injury than was shown by the 
phthalein. 

Kahn and Johnston, however, could not confirm these results. Ac- 
cording to them the test is not as easy to carry out as the description 
indicates. It is rather difficult, and in many cases almost impossible to 
impress the nurse with the importance of collecting the entire quantity 
of feces. The duty is rather a disagreeable one and complaints are likely 
to arise. The chemical analysis is also a disagreeable procedure and in 
a number of instances almost discouraging. In these cases it is almost 
impossible to obtain a color which can be compared with the standard. 
In general, this test is not easy ; it requires some experience and it needs 
a well-equipped laboratory. 

Kahn and Johnston show (in Table 8, on the opposite page) the 
percentages of dye recovered in the various cases. Certain cases which 
clinically were typical cases of liver involvement gave rather high figures 
for the phthalein excretion in the urine, whereas in other cases in which 
the diagnosis pointed to non-hepatic involvement, there was frequently 
observed a very low phthalein output. McLester and Frazier also con- 
cluded that this test had no clinical value. 

Fibrinogen Test.—Following the observations of Doyon and Kareff 
and Nolf that the fibrinogen disappeared from the blood after liver ex- 
tirpation, and of Doyon and his associates that the content was decreased 
in chloroform poisoning, and of Corin and Ansiaux and of Jacoby that 
it was decreased in phosphorus poisoning, Whipple and his co-workers 
developed a quantitative method which they have applied in studies of 
the fibrinogen content of the blood in health and disease, in clinical 
and experimental conditions. Their findings in acute and chronic hepatic 
injury make it reasonably certain that the liver is very active in the 
formation of fibrinogen and is the most important factor in maintaining 
a constant fibrinogen balance. 

To determine fibrinogen, the heat coagulation method as devised by 
Whipple is used. It is as follows: Clear plasma, obtained from the 
oxalated blood, was measured into a centrifuge tube and heated in a 
water-bath at 58 to 60° C., for twenty-five minutes. The precipitate was 
collected by centrifugalization, washed thoroughly with cold and hot 
water and alcohol with repeated centrifuging, washed into a weighed 
Gooch crucible with alcohol, washed with alcohol and ether, and dried 
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TABLE 8.—RESULTS OF THE PHTHALEIN TEST. 





Output of 
No. Name Diagnosis Phthalein Remarks 
Per Cent. 





1 L.  PROTULC: nce oh actin eG Bas Sa 14 
9° B. CRABUSIUIS( $5.40 hs ba ea ee aiken dey hare 28 
3 B. PYOCUUPO 2. Scene dace should SS a ee oe 31 
4 Ss. Mitral insufficiency ............. ch s 19 
5 H. Jaundice. skh es Saat cna wuts Ss 5 
6 B. PTAClUIG® 4 o40e Con aes hk ieee Gee 12 
7 Ss. Congestion of liver ...............0.0. | 32 
re) B. Congestion of liver .......00.......004. 34 
9 D. Cholelithiasis ............... c.2. eee 28 
10 S, Chronic gonorrhea oo... 00... cee eee 25 
1] H. PINDULAEION: Fox. 2 ae. eo tamara eee oe 22 
12 R, PIGPHIN: . waceiin eidnba bot each aad 27 
13 K, Renal tuberculosis ................005 39 
14 K, Burn ccs hoe ok eee ES OS 24 
15 DD. Tuberculosis .............. 0... eee eee 21 
16 S. WANA TAM 26.83 kno iesc beak hee ot & oe oe Lotte oe dot 34 
17 Dd. Cholelithiasis ......... 00.00. ce cee ees 2() Jaundice 
18 F, Cholecystitie scstcn. ong gd ee Sea oy eed 21 
19 R. Precture: 6 sssetse dea eee ee ee ee 14 
20 Kt. No diagnosis .... ....... 0005 vee eee 23 
21 TD. Liver congestion .....0....0 0.0000 ee eee ey 
map H.V.  jAtrophie cirrhosis ............. 0.0.0. 2d 
oF W.J. |Atrophie cirrhosis ...........0...-..065 7 
24 K.P. JAtrophie cirrhosis ................0.0. ra 
20 Het... anyphilis-of Wiver. o 92% pose eiawn eed oes 24 
26 Gils Abseess of liver 2.00... 0... eee. 19 
27 Tile. ‘LCUOMCVStIUIS: center newyoe dewey anew’ 25 Jaundice 
28 Pooks. -PUROMCYSULIS: -pvibe nt take tee eet 4 30) 
29 k.S. (rall-stones ... 0.0.0.0 cee ee ee ees 18 Jaundice 
30 HO. Gall-stones .. 0.00... eee ee ees OF Jaundice 
31 W.K. GALESTONOS: Gece tara ne ae we oe ee ?() 
ao LY. Cancer of liver .....0....... 000000. lg 
33 H.1?. {Chronic gastro-enteritis ............00. 52 
34 G.I. NIUCOCONTIS. 454.355 PbS 6 Seed Sok See aes 30 


to constant weight at 1]0° to 110° (. This method has been carefully 
studied by Whipple and has been shown to give constant results and 
has been controlled by the plasma-serum coagulum method. TIlowever, 
where the fibrinogen content 1s very low, the method may give slightly 
too low figures. 

Whipple, in a series of thirty observations of the fibrinogen content 
of normal dogs, found variations from 200 to 867 mg. per 100 «ce. Indi- 
vidual fluctuation was very large even in a short space of time. However, 
in human cases no such wide variation was noted. In a series of approxi- 
mately normal cases the fibrinogen varied between 385 to 618 mg. per 
100 ¢.c. Rowntree and his co-workers placed the lower limit of normal 
at 350 mg. 

In 14 eases of hepatic cirrhosis studied by Rowntree, Marshall and 
Chesney with this method, 6 gave positive results. According to them 
negative findings have no value. 
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The Total Non-protein Nitrogen, Urea Nitrogen and Amino-acid 
Nitrogen of the Blood.—Rowntree, Marshall and Chesney were the first 
to utilize these analyses in the study of liver function. They make the 
following statements: 

‘‘The fact that the liver is generally considered as being the organ 
mainly concerned with the formation of urea, and the metabolism of 
amino-acids led us to make these determinations in this connection. In 
a series of sixteen strictly normal individuals Folin and Denis found 
the total non-protein nitrogen 22 to 26 mg., and urea nitrogen 11 to 
13 mg. per 100 grams of whole blood. As soon, however, as one goes 
from the strictly normal, wide variations occur. Out of 63 cases of 
syphilis only 13 showed normal values, the variations being 20 to 45 
mg. of total non-protein nitrogen and 10 to 26 mg. of urea nitrogen. Our 
experience was similar to this, and in papers on kidney function we 
have not regarded values below 50 mg. for total non-protein nitrogen 
and 25 mg. of urea nitrogen per 100 c.c. serum as of any diagnostic or 
prognostic import. Determinations of the amino-acid content of the 
blood either in health or disease are practically lacking. Van Slyke and 
Meyer found in dogs the amino-acid nitrogen of the whole blood between 
3.1 to 5.4 mg. per 100 e.e.”’ 

In considering what one should regard as normal in this connection, 
it seems fairer to work with hospital or dispensary patients who give 
no evidence of kidney or liver disturbance. Rowntree, Marshall and 
Chesney have made these three blood determinations on a series of such 
cases, the results being tabulated below. 


TABLE 9. 





Mg. per 100 c.c. Serum Of Total Non-protein 


Nitrogen 
Total Non- 
Clinical Diagnosis protein UreaN | NH,N eee C N NHN 
Nitrogen (Per Cent.) | (Per Cent.) 
Chronic urethritis, veru- 
montanitis, prostatitis .. 32 22 2.8 70 8.2 
Chronic urethritis ....... 24 12 2.5 50 9.6 
Chronic urethritis ....... 28 13 2.8 46 9.3 
Bub... ¢.3-s50 alesse acne kas 22 10 2.6 45 10.8 
PYGIUIS. os eaeees paws ene 38 16 2.1 50 6.1 
Normal ...23.<6¢e04e08e35 31 16 2.6 52 8.4 
NOPMmal | (ei srediecweaeends 19 9 2.0 47 10.5 
NOTrmal: Gee ddcdlecnnee< 22 9 1:7 41 7.8 
NOFM@ | cseiccdéuien dee eee 25 11 2.0 44 8.0 





They have, therefore, considered anything below 40 per cent. for the 
urea N as abnormal, and above 3.0 mg. per 100 c.c. the upper limit 
of normal for amino-N. Of course the series of normals is small, and 
great variations may be found to occur in health. 
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The methods for the determination of total non-protein nitrogen, 
urea nitrogen and amino-acid nitrogen in the blood are as follows (the di- 
rections are quoted from Hawk’s ‘‘ Practical Physiological Chemistry’’) : 

1. NON-PROTEIN NITROGEN.—(a) Colorimetric Method of Folin and 
Denis.—Principle.—This method, which is simple and convenient, de- 
pends upon the removal of the proteins from a sample of blood by 
precipitation with methyl alcohol, and the estimation of nitrogen in the 
methyl alcohol solution (after the removal of the proteins) by means 
of oxidation and Nesslerization. The details of the procedure are 
carried out in the following manner: 

Method of Drawing Blood.—Attach, by means of a short piece of 
pure gum-tubing, a hypodermic needle about 1 mm. in diameter and 
25 mm. in length (previously sterilized and paraffined) to the tip of 
a 2 or 5 ¢.c. pipet. Introduce into the upper end of the pipet (which 
must be perfectly clean and dry) a small pinch of powdered potassium 
oxalate, and allow it to run down into the tip and the needle. Attach 
a piece of rubber tubing to the upper end of the pipet, and to this 
a mouthpiece consisting of a short, tapering glass tube. Place a pinch- 
cock over the rubber tube near the top of the pipet. To draw the 
blood, insert the needle into the vein or artery and regulate the flow 
by means of the pinchcock and suction. The exact quantity of blood 
desired is thus obtained without any waste or clotting. 

Method of Isolating Non-protein Nitrogen Constituents——Methyl 
aleohol and zine chlorid are employed as precipitants for the protein 
materials of the blood, and the determination of the non-protein nitro- 
gen is then carried out upon a portion of the methyl alcohol extract. 
The procedure is as follows: Transfer the blood, as soon as drawn, to a 
measuring flask which is half filled with pure methyl aleohol (it must 
be acetone free). Fill to the mark with methyl alcohol and shake thor- 
oughly. (If 1 ¢.c. of blood is taken, 25 c.c. flasks are used for the 
precipitation, while for 5 c.c. of blood 50 e.e. flasks are used.) Allow the 
flask to stand for at least two hours and at the end of that time, or later, 
filter the contents through dry filter paper. Add 2-3 drops of a saturated 
aleoholic solution of zine chlorid to the filtrate and filter again through 
a dry filter paper after a few minutes. The zine chlorid brings down 
an appreciable precipitate and the last traces of coloring matter, so 
that the second filtrate obtained is perfectly colorless and clear. This 
filtrate is used for the determination of non-protein nitrogen. 

Trichloracetic Acid Modfication.—Greenwald has suggested the use 
of trichloracetic acid as the precipitant for the proteins of the blood, 
as being more satisfactory than the methyl] alcohol and zine chlorid. The 
objection to the methyl! alcohol is that some of the amino-acids (creatin, 
asparagin and tyrosin) are insoluble in it and hence precipitated along 
with the proteins. These acids are not removed by the trichloracetic 
acid. Certain nitrogenous lipoid substances are precipitated by the 
trichloracetic acid and not by the methyl alcohol. Greenwald suggests 
that these substances, even though non-protein in character, should not 
be included with the non-protein nitrogen of the amino-acids and urea. 
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Procedure.—Dilute the blood to ten times its original volume with a 
2.5 per cent. trichloracetic acid solution. Let stand 30 minutes and 
then filter. Shake the filtrate with about four grams of kaolin per 100 
e.c. and filter again. An aliquot of this final filtrate is taken, digested 
with sulphuric acid and nitrogen determined in the usual way. 

Determination of Total Non-protein Nitrogen.—Transfer 5 ¢.c. of the 
aleoholie filtrate to a large Jena test-tube of the same kind as is used 
In urine analysis. Add 1 drop of concentrated sulphuric acid, 1 drop 
of kerosene, and a small pebble or glass bead to prevent bumping. Im- 
merse the test-tube in a beaker of boiling water for five or ten minutes 
to drive off the methyl alcohol. When the alcohol is removed add 1 ¢.e. 
of concentrated sulphurie acid, 1 gram of potassium sulphate and 1 
drop of copper sulphate solution. Boil, cool, dilute and aérate the solu- 
tion as described in the determination of total nitrogen in urine with 
the exception that the ammonia is collected in a large test-tube in- 
stead of in a 100 «, flask. Nesslerize the solution, using 7 to 8 ce. 
of diluted Nessler reagent (dilution 1:5), dilute to 25 or 50 e.e. aecord- 
ing to the amount of color, and compare with a standard solution 
containing 1 mg. of ammonia nitrogen, nesslerized and diluted to 100 e.ce. 
and the colorimeter prism set at 20 mm. 

Calculations. —If 5 «.c. of blood are diluted to 50 v.c. and 10 c.e. 
of the aleoholhic extract (equivalent to 1 ¢.c. of blood) are used for the 
determination, the amount of non-protein nitrogen (as milligrams per 


100 «ec. of the blood) can be obtained by use of the formula a D, in 


which R stands for the reading of the unknown and ID represents the 
volume to which its ammonia has been diluted. If the equivalent of 0.4 
fr 
cc, Of blood has been taken for the determination the formula - x D is 
used, and if the equivalent of 0.5 «.c. of blood has been taken the formula 
40 
becomes R* D. 

2. Urea NITROGEN.—(a) The Urease Method.—Van Slvke and Cul- 
len’s modification of Marshall’s Method. 

Procedure.—Run 3 ¢.c. of fresh blood (carefully measured with an 
accurate pipet) into a 100 ¢e.c. test-tube containing 1 ¢.c. of a 3 per cent. 
solution of potassium citrate (to prevent clotting). Add 1.5 ¢.c. of the 
urease solution and 2 or 3 drops of caprylic alcohol (to prevent foam- 
ing). After ten minutes add 15 ¢.c. of a saturated solution of potassium 
carbonate, and drive off the ammonia by aspiration into another tube 
containing 15 ¢.c. of hundredth-normal hydrochloric or sulphurie acid. 
Titrate the excess of acid with hundredth-normal sodium hydroxid or 
potassium hydroxid, using methyl] red or alizarin as indicator. 

Calculations.—Each c.c. of acid neutralized indicates 0.01 gram of 
urea per 100 c.c. of blood, or 0.0467 gram of urea nitrogen per 100 e.c. of 
blood. In case the blood should be one of the rare samples containing 
over 0.15 per cent. of urea, all the acid will be neutralized, and it will 
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be necessary to repeat the determinations, using in the determination 
only 1 ec.c. of blood. Fresh blood contains so little ammonia that it 
may be disregarded. 

3. AMINO-ACID NITROGEN.—(a) Method of Van Slyke and Meyer.— 
Princtple.—The protein of the blood is removed by precipitation with 
alcohol and the amino-acid nitrogen determined in the filtrate by the 
nitrous acid method. 

Procedure.—From 30 to 50 ¢.c. of freshly drawn blood are mixed 
with 9 or 10 volumes of 95 per cent. alcohol to precipitate the proteins. 
The volume of the alcohol-blood mixture must be known, but in case it 
is not convenient to use a graduated cylinder for the mixture, its 
volume can be taken as the sum of the volumes of the alcohol and blood 
without essentially affecting the results. The alcohol and blood are 
thoroughly mixed, the vessel containing them is closed and 24 hours 
are allowed for precipitation of the proteins to become complete. The 
solution is filtered through a dry folded filter into a measuring cylinder 
without washing the precipitate. The volume of filtrate is noted and 
is taken for analysis as an aliquot part of the total blood-alcohol mix- 
ture. The filtrate is then concentrated to a volume of 3-5 ¢.c. and used 
for determination of amino-nitrogen by the Van Slyke nitrous acid 
method. The use of a few drops of caprylic alcohol to prevent foaming 
is advisable. 

(b) Method of Constantino.—This is based on the formol titration 
procedure. One hundred c¢.c. of blood or serum are mixed with a meas- 
ured (500 ¢c.c.) volume of 2 per cent. mercuric chlorid solution contain- 
ing 0.8 per cent. hydrochloric acid. The mixture is shaken vigorously 
in a stoppered flask and allowed to stand a few hours. Centrifu- 
gate for 10 minutes; pour the supernatant liquid through a dry filter 
into a graduated cylinder. An aliquot of the filtrate is taken, the mer- 
cury is removed with hydrogen sulphid and the latter by a current of 
air. The liquid is exactly neutralized and concentrated on the water- 
bath, or better, at 50° (. in a vacuum, MgO added, and the mixture 
distilled in a vacuum at 45° C. to get rid of ammonia. The volume 
should now be about 30 ¢.c. <A little solid barium chlorid and barium 
hydroxid are added, and 1.5 ec. of 0.5 per cent. solution of phenol- 
phthalein. Filter. Neutralize accurately to sensitive litmus paper. Add 
neutral formalin solution and titrate with N/S NaOH. 

Lipase of the Blood.—In 1913, Whipple, Mason and Peightal, utiliz- 
ing Loevenhardt’s technic, demonstrated that the lipolytic activity of 
the blood varied from normal in certain diseases of the liver. Severe 
experimental injury to the liver resulting from chloroform, phosphorus 
and hydrazin always produced increase in plasma lipase to from two to 
eight times the normal. Clinically Whipple found an increased lipolytic 
activity in several cases of eclampsia, invariably so in those showing 
hemorrhagic portal vein necrosis, in pneumonia, peritonitis, leukemia 
and in the early stages and sometimes in the late stages of cirrhosis. 
The lipolytic activity of the blood in pernicious vomiting, uremia, jaun- 
dice and obstructive jaundice was normal. He therefore concludes 
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that high lipase values will be found in practically all cases of eclampsia, 
liver injury with necrosis due to poisons, intoxications or infections, 
acute yellow atrophy, cholangeitis and abscess of liver with considerable 
destruction of liver tissue. 

LiPaAsE DETERMINATION.—This determination can be made either on 
oxalated plasma or serum, there being little difference in the results, 
except that the serum lipase is slightly higher owing to the dilution of 
the plasma by the oxalate. All our estimations have been made on 
plasma lipase with the exception of two or three cases, where serum was 
utilized. Loevenhardt’s method of determining the lipolytic activity 
was utilized. The technic is as follows: Four tubes are prepared, each 
containing 1 ¢.c. of plasma and to each is added 4 c.e. of distilled water 
and 0.3 e.c. of toluol. To two of the tubes is added 0.26 c.c. of ethyl 
butyrate, the other two serving as controls. The tubes are stoppered 
and shaken and incubated at 38° C. for eighteen to twenty-four hours. 
They are now titrated to neutrality with N/10 acid and N/10 alkali, 
using azolitmin as indicator. The controls show the titrable blood alka- 
linity to be about 0.1 ¢.c. N/10 acid. The ethyl butyrate tubes give the 
amount of acid production above the neutral point and the sum repre- 
sents the total acid production or lipolytic activity. 

The serum of patients suffering from bacterial diseases, Sagal claims, 
shows a slight increase in enzyme activity, while the serum obtained 
from sufferers of diseases of non-bacterial origin show a slight depres- 
sion. Bile-stained serum and the serum from hepatic cirrhosis show 
marked decrease in enzyme activity. Lipase activity gradually de- 
creases with increasing age. Variations of lipase activity in diseased 
conditions, as shown by the hydrolysis of ethyl butyrate, are so small 
as to be devoid of diagnostic or prognostic value. (Sagal.) 

Rowntree, Marshall and Chesney draw the following conclusions 
from their experiments on the experimental efficiency of the various 
liver function tests: 

1. Outspoken changes in liver function can be demonstrated in most 
cases of advanced liver cirrhosis, in markedly congested livers asso- 
ciated with myocardial insufficiency, in -ecarcinoma of liver, in luetic 
livers, and in conditions of cachexia with marked anemia. 

2. Functional changes have been most marked in cirrhosis, in neo- 
plasm of liver and in cachectic conditions with severe grades of anemia. 
The functional changes in chronic passive congestion have not been 
frequent or pronounced. 

3. Harmony in the findings of the tests is present in some cases, 
i.e., most of the tests indicating a decreased function or indicating a 
normal function, but in other instances, the function in an individual 
case appears normal by some tests and diminished by others and abso- 
lutely no parallelism exists between the findings of the various tests 
in the latter instance, i.e., with one test indicating decrease in function 
it is impossible to predict what the other tests will show. 

4. From this small series of cases it is impossible to reach definite 
conclusions concerning the absolute and relative value and limitations 
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of these various tests, but the following impressions are the outcome of 
our limited experience: 

(a) Under clinical conditions a phthalein output under 30 per cent. 
or the appearance of phthalein in the urine is of unquestionable sig- 
nificance, When in accord, i.e., both positive or both negative, the evi- 
dence is of more value than single or discordant findings. Positive 
value is not claimed for negative findings. A marked decrease in 
phthalein means a decided injury to liver function. Autopsies in 11 
cases have increased our belief in the value of this test. 

(6) Low fibrinogen values are frequently but inconstantly encoun- 
tered in cirrhosis, which confirms the results reported by Whipple. 
Marked positive findings may carry prognostic significance, although 
they may not appear until shortly before death. Negative findings have 
no value. 

(c) The determination of the lipolytic activity of the blood-plasma 
furnishes very little or no information of prognostic or diagnostic sig- 
nificance in these types of clinical cases. In only two or three instances 
have the clinical findings been comparable with our findings or those 
of Whipple in chloroform- or phosphorus-poisoning. High values prob- 
ably carry prognostic significance. 

(dj) Dr. Goodpasture’s fibrinolytic ferment studies on this series 
of cases show that this ferment is present only in cirrhosis and hence, 
when present, is of definite diagnostic importance. 

(e) Bauer’s galactose test is applicable without discomfort to the 
patient, but yields no information of consequence. 

({) Strauss’s levulose test was attended by technical difficulties— 
nausea and vomiting frequently following its employment—and yielded 
information of no consequence in the limited number of cases in which 
it was successfully carried out. 

(g) Blood N partition: cumulative phenomena have not been en- 
countered in this series except with coexistent renal disease. 

The urea N percentage of total has been 40 per cent. or less in 
several instances, and especially low in cases of advanced cirrhosis. 

The amino-nitrogen has been high in a considerable proportion of 
the clinical cases. In phosphorus-poisoning the aminu-nitrogen increase 
was always present and was associated with increase in the urea N and 
total non-protein nitrogen. In chloroform-poisoning the absolute and 
relative values of the various forms of nitrogen did not vary from 
normal, 

(h) Urinary nitrogen partition: No instance of absolute normal 
urinary nitrogen partition has been encountered. However, the low 
level of protein metabolism so often present, together with the non- 
exclusion of acidosis, renders the interpretation of the N distribution 
somewhat difficult. Practically all the cirrhosis cases show definite N 
partition changes. 

The ammonia nitrogen and amino-nitrogen were definitely increased 
in most of the cases studied and particularly in cirrhosis. 

Concerning the relative merits of these tests it appears that the 
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phthalein, fibrinogen, the blood and urine nitrogen partitions are of 
decided value in determining the presence and to a less degree the ex- 
tent of functional involvement, while the demonstration of the presence 
of a fibrinolytic ferment is of decided diagnostic importance. The 
determination of sugar tolerance and of the lipolytic activity of the 
blood apparently afford information of much less value. 

Ghedini’s Ferment Test.—In 1913, Ghedini proposed a test which 
is based upon the presence in the blood-serum of a ferment which he 
claims arises in the liver-cells, and which is capable of converting 
glycogen into maltose, isomaltose and glucose. In short, as Rowntree, 
Hurwitz and Bloomfield point out this must be a test for two blood 
ferments, diastase and maltase. Diastase varies tremendously in normal 
sera, consequently, a priori, this in itself would vitiate the test. Suffi- 
cient evidence has not been presented to establish the liver as the sole 
source of the ferment or ferments involved. 

The Fibrinolytic Ferment of the Blood.—In 1914, Goodpasture re- 
ported that in some cases of cirrhosis of the liver, there is present a 
ferment in the blood stream that dissolves fibrin, that is to say, will 
dissolve a blood-clot. This ferment, according to him, is specific for 
fibrin, does not attack fibrinogen, is destroyed by heating at 56° C. for 
one-half hour and is easily recognized. 

The technic of the test is as follows: Blood is drawn aseptically 
from a vein of the forearm by means of a needle and syringe, and 
allowed to stand in a sterile glass tube, whereupon the clot forms as 
normally. If this clot be allowed to stand at 37° C. for several hours, 
and if the ferments be present, at the end of 6 to 8 hours it will be 
found, on examination, that the clot has entirely dissolved. 

It would seem that this ferment, when present, has definite diagnostic 
significance, since it was present in 7 cases of cirrhosis of the liver 
and was not found in any other condition in a series of 45 cases studied 
by Rowntree, Marshall and Chesney. 

The results obtained by the authors do not justify any credence in 
the reliability of this test. 

Sulphoconjugation Test (Kahn).—The cause and the location of the 
formation of the ethereal sulphates and of indican have been studied by 
a number of investigators. 

Since Stadeler found phenol] in cow’s and horse’s urine, Landolt, 
Lieben, Hoppe-Seyler, Buliginsky and Munk found traces of it in nor- 
mal human urine, and Salkowski observed that in ileus and other ob- 
structive intestinal disease, the excretion of phenol in the urine is much 
increased. 

This formation of phenol and phenolic substances, cresol, indol, 
skatol, etc., has been ascribed to the action of the intestinal bacterial 
flora. Such organisms as the Bacillus coli communis, which is a normal 
inhabitant of the intestinal canal, are harmless under normal circum- 
stances. In conditions of injury to the intestinal mucosa, these organ- 
isms become virulent (Fermi and Salto). Other organisms, like the 
Bacillus putrificus, Bacillus aérogenes capsulatus, which are obligatory 
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anaérobes, thrive in the colon where there is no oxygen (Herter), and 
break up protein in the carbocyclic, toxic substances. 

It was demonstrated by Baumann that these split products are very 
toxic, but that, when they are united with sulphuric acid, they lose 
their poisonous effect. 

Baumann found that phenol sulphate is a normal urinary constituent 
and that the administration of phenol increases the phenol sulphate in 
the urine. 

Baumann and Herter reported that not only phenol, but also other 
substances were excreted in the urine as ethereal sulphates. They also 
observed that phenol unites not only with sulphuric acid but with other 
radicals. This was confirmed by Schmiedeberg, who found that phenol 
unites with glycuronic acid. 

Upon poisoning dogs with phenol, he found that the liver became 
rich in phenol sulphates. For example, in 100 parts of liver he found 
19 times as much tribrom phenol as in 100 parts of blood. This phe- 
nomenon seemed to prove that the liver is the seat of conjugation of the 
phenolic and indolic radicals with sulphuric acid. 

Lang determined the quantity of ethereal sulphates in the urine of 
geese before and after extirpation of the liver. His figures are rather 
small, and should not be taken conclusively, but he was led to believe 
that the synthesis of the ethereal sulphates was not exclusively per- 
formed in the liver. 

In experiments performed in vitro, Koch also demonstrated, so it 
appeared to him, that the liver was not the only seat of sulphocon- 
jugation. He took liver, kidney, pancreas, thymus, muscle, and minced 
each organ respectively, and added phenol and disodium sulphate. He 
kept these mixtures at body temperature or else at 8° to 12° C. He 
reported that all the tissues, save the thymus, took part in the synthesis. 
He obtained similar results with orth-, meta- and paradi-oxyphenal. 

Landi repeated the experiments of Koch, using only the liver tissue. 
But, as he says, due to the fact that decomposition sets 1n so very soon, 
he could not confirm Koch’s findings. In order to throw more light 
on the subject, he made perfusion experiments with the liver, and he 
came to the final conclusion that the seat of conjugation of the phenolic 
and sulphuric radicals was not the liver but the intestines. 

The results of Landi are directly negated by the findings of Embden 
and Glaessner. They performed perfusion experiments on the organs 
of dogs, using the liver, muscle, kidneys, lungs and small intestines. 
From their investigations they conclude that the liver is the most im- 
portant organ for the formation of the ethereal sulphates. Smaller quan- 
tities of ethereal sulphates are produced in the lungs and the kidneys, 
but the muscle tissue and the small intestine play a very insignificant 
role in the formation of the ethereal sulphates. 

Reale, from his observations, was of the firm opinion that the liver 
was the seat of the synthesis of the ethereal sulphates. 

Finizio confirmed Reale from his elinical findings. In normal indi- 
viduals and in a case of echinococcus hepatic cyst, he found that the 
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administration of thymol caused an increased excretion of ethereal sul- 
phates in the urine. When, however, he administered thymol to a patient 
suffering from hepatic cirrhosis, he found no increase of the ethereal 
sulphates in the urine. 

In normal conditions of the alimentary tract, Strauss and Philipsohn 
found no phenol in the urine, and they concluded that, under normal 
conditions, the phenol and other radicals were conjugated with sulphuric 
acid. According to these authors, the liver is the seat of the synthesis 
of the ethereal] sulphates. 

Herter and Wakeman took 7 grams of liver, kidney, muscle, brain 
and blood, respectively, which were minced, and treated each tissue 
with 10 ¢.c. of a weak phenol solution, and allowed to stand for two 
to three hours. The mixtures were then distilled, and they found that 
there was a loss in the phenol distilled. The liver retained most of the 
phenol, then came in order the kidneys, muscle, brain. 

In conditions of jaundice, Biernacki found four times the amount 
of ethereal sulphates normally present. Darenberg and Perroy found an 
increased excretion of indol and skatol in jaundiced individuals. Labbe 
and Vitry obtained similar results. Magrageas obtained varying quan- 
tities of ethereal sulphates in icteric patients. 

Amann found that in the healthy subject there is a direct proportion 
between the quantities of ethereal sulphates and the total nitrogen in 
the urine. The coefficient of Amann may be thus expressed: 


Eth. S. & 100 
N in Urine 


The value of this coefficient varies between 1.4 and 1.5. This was 
confirmed by Guerbet and Rouen. Slghtly smaller coefficients were 
obtained by Magrageas. 

The question has been discussed by Eiger and Hopadze whether the 
aromatic compounds formed in the system are diminished in amount 
and destroyed under normal conditions of hepatic activity, and whether, 
in cases of disturbance of the function of the liver, these compounds 
are obviously increased and placed at the disposal of the liver for con- 
jugation with sulphuric acid. The subject is more important in its 
relation to cases of disease of the hepatic parenchyma than in simple 
biliary stasis. The ethereal sulphuric acids are most frequently, both 
absolutely and relatively, increased in atrophic cirrhosis of the liver, 
and most markedly in tumors of the liver. 

In normal urine 14 to 25 per cent. of the total sulphur is present 
as the so-called neutral sulphur. The easily oxidizable portion of this 
must arise from the sulphocyanate of the saliva, and-from other partly 
unknown substances, while the remainder is regarded—in part, at least 
—as a derivative of the taurin of the bile (Lépine). This latter bears, 
in the nomenclature of the French physiologists, the name ‘‘biliary 
sulphur of the urine.”’ 

Lépine found that in incipient cases of obstructive jaundice in ani- 
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mals and in man, the biliary sulphur was absolutely and relatively in- 
creased as regards the oxidized sulphur (up to 30 to 43 per cent. of the 
total sulphur). After a few days of the biliary obstruction, the sulphur 
became approximately normal, and after long continuance of the dis- 
turbance showed a decrease. 

F. Miiller, who studied a case of jaundice from gall-stones of some- 
what long standing, found on three days the values of the neutral 
sulphur to be 22.9, 15.7, 10.7 per cent. of the total sulphur. Later in the 
same case, but with different diet the values were 19.2 and 17.4 per 
cent. In a case of carcinoma of the stomach and liver, accompanied 
by jaundice, the findings were 29.0, 21.1 and 16.1 per cent. These figures 
confirm Lépine’s idea that the neutral sulphur diminishes the longer the 
jaundice continues. 

On the other hand, a marked decrease, and even a lowering of the 
normal values, should be expected in chronic obstructive jaundice, pro- 
vided the assumption is correct that in cases of disturbed outflow of 
bile into the intestines the production of biliary acids is markedly re- 
duced by the interruption of the circulation of bile acids. Since this is 
not observed, the relation of the hardly oxidizable sulphur to taurocholic 
acid must be reinvestigated before an opinion on the formation of bile 
acids can be based on the excretion of neutral sulphur. Hence it does 
not follow that Schmidt should assume that the production of bile 
acids, even in long-continued jaundice, suffers no reduction, because 
he but rarely found high values for the neutral sulphur in his case of 
jaundice. According to Benedict, a portion of the non-oxidized sulphur 
compounds, which may be excreted in increased amounts as a result of 
toxic action on the protein constituents of the body, are to be regarded 
as intermediary bodies which resist the further oxidation to sulphuric 
acid. Corresponding to their presence in the bile (Bial) conjugated 
glycuronic acids are regularly observed in the urine in cases of biliary 
obstruction (Van Leersum) (von Noorden, ‘‘ Metabolism and Practical 
Medicine’’). 

The toxic aromatic radicals produced by decomposition of protein 
are conjugated in the liver with sulphuric or glycuronic acid, and are 
then excreted in the urine. If we should take indol as an example, the 
following process would take place. 

Tryptophan, or beta-indol-alpha-aminoproprioniec acid, is one of the 
products of decomposition and putrefaction of proteins. It is the mother 
substance of indol and skatol, ete. Upon the breaking down of trypto- 
phan, indol, which is very toxic, is produced. 


The 


NH 


H,—CH(NH,)—-CO0H 


Tryptophan 
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Jes 


Indo] 


Indol is oxidized in the intestines to indoxyl. 


Nos 


NH 
Indoxyl 


H 


If indol or indoxyl enters the general circulation marked toxinemia 
results with its concomitant symptoms. The protective mechanism of 
the body against this toxinemia is to conjugate the indoxyl with sul- 
phurie acid in the liver, producing a substance which is almost non- 
toxic—indican. 


OH 
-+- HoSO, 
CH 
NH 
Indoxyl 
—C—0—S0:H 


Te 


NH 


Indoxyl sulphurie acid 
In the presence of potassium salts: 


O.K 
Te 
NH 


Indican 


Similar results are obtained with any of the aromatic radicals, as 
phenol, cresol, tyrosin, skatol, ete. 

It is well known that the total sulphur in the urine may be par- 
titioned into three distinct fractions: 
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(a) The inorganic sulphates. 

(6) The ethereal sulphates. 

(c) The neutral sulphur. 

It has been definitely established that, normally, the inorganic sul- 
phates form about 70 per cent. of the total sulphur and the remaining 
30 per cent. are divided almost equally between the ethereal sulphates 
and the neutral sulphur. 

The ethereal sulphates are the conjugated aromatic sulphonic acids. 
It is this fraction that is of special interest to us now. 

It is, of course, impossible to rely upon the excretion of ethereal 
sulphates as a symptom of hepatic function. The proteins which are 
ingested daily give rise to their quota of aromatic radicals which influ- 
ence the quantity of the conjugated sulphates. The condition of the 
intestinal flora plays a réle in the formation of aromatic radicals; thus 
it is known that in intestinal putrefaction there is a marked increase in 
the conjugated sulphates excreted. 

The author, therefore, adopted the following technic for the determi- 
nation of liver function by means of the ethereal sulphate output: 

The patient received a dose of castor oil to clean out his bowels. 
He was then kept on a known diet for two days, during which time the 
urine was collected, preserved and analyzed for total sulphur and 
ethereal sulphates. On the third day the patient received a capsule 
containing one-half gram of thymol. The urine was collected for the 
next two days, preserved and analyzed for total sulphur and ethereal 
sul phates. 

Thymol is iso-propyl-meta-cresol : 


CH, 


H 
CH:—CH—CH; 


Tso-propyl-meta-crego] 


If all the thymol were absorbed and if all the thymol were conjugated 
with sulphuric acid and none with glycuronic acid, the 0.5 gram of 
thymol would be excreted as 0.7666 grams of thymol sulphuric acid. 
This would cause a marked increase in the percentage of ethereal sul- 
phates. If the liver were not functionating properly, the thymol would 
not be conjugated, and the percentage of ethereal sulphates would be 
only slightly different from what it had been on the first two days. One 
objection to the study of the function of any organ as an index of disease 
of that organ is that it is perhaps possible for the healthy part of the 
diseased organ to compensate and assume the work of the whole gland. 
In such a condition, of course, the functional output of the organ may 


be normal, and would be no index of the pathological anatomy of the 
VOL. IL—9. 
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organ. Under these circumstances only marked destructive changes 
would leave their impress on the functional activity of the organ. 


TABLE 10.—ETHEREAL SULPHATE ELIMINATION BEFORE AND AFTER THYMOL ADMINIS- 
TRATION. (Kahn). 


Ethereal Sulphate 


Caius Total Ethereal Sulphate Sulphur 
N Diagnosis Sulphur Sulphur Per Cent. 
= (Grams) (Grams) of Total 
: Sulphur 
Before | After | Before | After Before | After 
Thymol|Thymol| Thymol | Thymol | Thymol | Thymol 
1 {Normal ............ 2.0375 | 2.1295 | 0.2893 0.5646 14.2 26.8 
2 |Gastritis ........... 1.9428 | 1.7427 | 0.1457 0.3380 7.5 19.4 
3 |Fracture ........... 2.7467 | 2.5527 | 0.3131 0.6024 11.4 23.6 
4 {Congestion of liver...] 0.9852 | 1.0734 | 0.1753 | 0.7069 17.8 28.6 
5 jCongestion of liver.../ 1.7345 | 1.6982 ; 0.2480 | 0.3610 14,3 21.2 
6 |Gall-stones ......... 2.7628 | 2.8075 | 0.7597 1.0303 27.5 36.7 
7 {Gall-stones ......... 3.0042 | 2.6826 | 0.3965 0.8474 13.2 29.4 
8 {Cholecystitis ........ 2.7807 | 2.6437 | 0.4866 0.7428 17.5 28,1 
9 {Atrophic cirrhosis ...| 2.2328 | 2.3029 | 0.2791 0.3400 12.5 15.2 
10 {Tumor of liver ..... 1.9492 | 1.8757 | 0.1637 0.3676 8.4 19.6 
11 jCancer of liver ..... 2.7526 | 2.6278 | 0.6083 0.6648 22.1 25.3 
12 |Syphilis of liver..... 2.8104 | 2.9075 | 0.3990 0.5437 14.2 18.7 


In the author’s experience, however, disturbances in the structure 
of the liver go hand in hand with disturbances of function, especially 
as is indicated by sulphuric acid conjugation of the aromatic radicals. 
He found that in cirrhosis of the liver the conjugation of thymol with 
sulphuric acid does not take place to as marked an extent as in the 
normal state. 

It will be observed that in the non-hepatic diseases, and in the non- 
destructive diseases of the liver, a marked increase in the excretion of 
ethereal sulphates was observed on the day after the thymol administra- 
tion. In diseases of the liver, like atrophic cirrhosis, cancer of the liver 
or syphilis of the liver, this organ has lost its power to conjugate the 
thymol with sulphuric acid. Case Number 10 was a benign tumor of the 
liver, and it seems no destructive changes went on in the hepatic tissue. 

In cases of pernicious anemia, Kahn and Barsky found a deficiency 
in the detoxicating function of the liver (Table 11). 

The following methods may be used for the determination of total 
and ethereal sulphates (Hawk): 

BENEpICcT’s ToTaL SuLPHUR MEtTHOD.—Principle—The urine is 
evaporated and ignited with a solution of copper nitrate and potassium 
chlorate. Organic matter is thus destroyed and all unoxidized sulphur 
is oxidized to the sulphate form and can be readily precipitated with 
barium chlorid in the usual manner. The method is very convenient 


and accurate. 
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TABLE 11.—SULPHOCONJUGATION TEST OF HEPATIC FUNCTION IN PERNICIOUS ANEMIA. 
(Kahn and Barsky.) 


Ethereal Sulphate Ethereal Sulphate 
Case ea Sulphur Sulphur, Per Cent. 
(Grams) of Total Sulphur 
Before ? After Before After Before After 

xX? 2.0375 2.1295 0.2893 0.5646 14,2 26.8 
1 1.536 1.6205 0.3993 0.5055 26.0 31.2 
2 1.139 1.0974 0.3075 0.3237 27.0 29.5 
3 1.208 1.1522 0.1691 0.2154 14.0 18.7 


Before the administration of thymol and after. 
*This was a normal individual. 


Procedure.—Ten c.c. of urine are measured into a small (7-8 cm.) 
porcelain evaporating dish and 5 cc. of Benedict’s sulphur reagent 
added. The contents of the dish are evaporated over a free flame regu- 
lated to keep the solution just below the boiling-point, so that there can 
be no loss through spattering. When dryness is reached the flame is 
raised slightly until the entire residue has blackened. The flame is then 
turned up in two stages to the full heat of the Bunsen burner and the 
contents of the dish thus heated to redness for ten minutes after the 
black residue (which first fuses) has become dry. This heating is to 
decompose the last traces of nitrate (and chlorate). The flame is then 
removed and the dish allowed to cool more or less completely. Ten to 
20 «.c. of dilute (1:4) hydrochloric acid is then added to the residue 
in the dish, which is then warmed gently until the contents have com- 
pletely dissolved and a perfectly clear, sparkling solution is obtained. 
This dissolving of the residue requires scarcely two minutes. With the 
aid of a stirring rod the solution is washed into a small Erlenmeyer 
flask, diluted with cold, distilled water to 100-150 ¢.c., 10 ce. of 10 per 
cent. barium chlorid solution are added drop by drop, and the solution 
is allowed to stand for about an hour. It is then shaken up and filtered 
as usual through a weighed Gooch crucible. Controls should be run on 
the oxidizing mixture. 

Benedict’s solution consists of : 


Crystallized copper nitrate (sulphur-free).... 200 grams 
Sodium or potassium chlorate............... 50 grams 
AV ALEr 10.6644 cr etaatt arate Mintaea aw wodis wate 1000 c.e. 


Foun’s ETHEREAL SuLPHATES MetuHopv.—Principle—The inorganic 
sulphates are removed with barium chlorid and the conjugated sulphates 
then determined after hydrolysis. 

Procedure.—Place 125 ¢.c. of urine in an Erlenmeyer flask of suitable 
size, dilute with 75 ¢c.c. of water and acidify the mixture with 30 c.e. 
of dilute hydrochloric acid (1 volume of concentrated HCl to 4 volumes 
of water). To the cold solution add 20 c.c. of a 5 per cent. solution 


132 FUNCTIONAL DIAGNOSIS 


of barium chlorid, drop by drop. Allow the mixture to stand about 
one hour, then filter it through a dry filter paper. Collect 125 c.c. of 
the filtrate and boil it gently for at least one-half hour. Cool the solu- 
tion, filter off the precipitate of BaSO,, wash, dry and ignite. 

The Glycuronic Conjugation Test.—Similar to the sulphoconjuga- 
tion, there is also a glycuronic conjugation i the liver. Roger has made 
this a basis for his study of liver function, and Gautier, Chiray and 
others have confirmed his results. 

Gautier found that in 100 healthy persons examined, the glycuronic 
acid content was pronounced, and a dose of camphor was followed by 
little if any increase in the glycuronuria on an average diet. The fast- 
ing healthy subject showed a slight increase after the camphor test. In 
eases of heart or kidney disease with insufficiency of the liver there was 
always a notable transient elimination of glycuronic acid after ingestion 
of the test dose of camphor. In fifteen diabetics the camphor test 
always proved negative. In advanced cirrhosis the liver is unable to 
respond to the camphor test. Roger believes that the glycuronic acid is 
manufactured by the liver to combine with certain toxic bodies in the 
organism and thus eliminate them. This assumption is confirmed by a 
recent case of attempted suicide with a preparation of phenol. The 
urine was black and showed the highest proportion of glycuronic acid 
Gautier has ever encountered. Then followed the phase in which there 
was no glycuronuria, after which normal conditions were gradually re- 
stored. With cirrhosis of the liver, the total absence of glycuronuria 
is a sign of a speedily fatal outcome. In tests of alimentary glycosuria, 
the glycuronuria was not modified even by ingestion of 150 grams sugar, 
confirming the view that the glycuronic acid is produced only when 
needed to take care of toxic substances and get them eliminated. The 
Grimbert and Bernier test for glycuronic acid is reliable if the reagents 
are pure. 

The Hippuric Acid Conjugation Test.—Morse, working along simi- 
lar lines, has recommended the administration of benzoic acid to patients, 
and the analysis of the urine for hippuric acid, the result of the synthe- 
sis of the benzoic acid with glycocoll. Since the kidney also plays a 
role in the synthesis of this substance, the value of this test for hepatic 
function is doubtful. 
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IV. TESTS OF THE FUNCTIONAL CAPACITY OF THE 
CIRCULATION 


By Morris Hirscu Kaun, M.D. 


The cardiac motive force, p. 137—The reserve force of the heart, p. 
138—Compensation and decompensation, p. 139—Aim of the func- 
tional diagnosis of the heart, p. 140—The significant physical signs 
and symptoms of impaired function, p. 144—Blood-pressure studies 
—The absolute work done by the heart muscle, p. 149—Cardio- 
vascular response to a general demand for increased circulation, 
p. 155—Test of efficiency of the right heart, p. 167—The polygraph, 
p. 169 —The electrocardiograph and its value in functional diagnosis, 
p. 178—The roentgen ray and orthodiagraph, p. 185—Metabolic 
changes in impaired heart function, p. 189—Tests of the functional 
capacity of the circulation in special diseases, p. 191. 


“The heart, consequently, is the beginning of life; the sun of the micro- 
cosm, even as the sun in his turn might well be designated the heart of the 
world; for it is the heart by whose virtue and pulse the blood is moved, per- 
fected, made apt to nourish, and is preserved from corruption and coagula- 
tion; it is the household divinity which, discharging its function, nourishes, 
cherishes, quickens the whole body, and is indeed the foundation of life, the 
source of all action.” —WitLiam Harvey, “An Anatomical Disquisition on the 
Motion of the Heart and Blood in Animals.” London, 1628 (Chapter VIII). 


The short contractile tube which propels forward the blood con- 
tained in the perivisceral cavity of an ascidian, is neither structurally 
nor functionally much entangled with the other organs of the animal. 
But on passing upward through higher types of life, this simple tube 
is replaced by closed arterial and venous systems ramifying minutely 
in every corner of every organ. We find that the circulatory apparatus, 
while it has become structurally interwoven with the whole body, has 
become unable properly to fulfill its office without the help of offices 
that are quite separated from its own, and unless all of its parts act co- 
ordinately, each adequately fulfilling its own distinct and special 
function. 

The efficiency of the cardiac motive power, the vasomotor system, 
the nervous system and the condition of the other organs of the body 
all affect the adequacy of the circulation. These factors are variable 
and, especially the first three, are closely related to each other. 

Given the limits of what we are to consider as normal, all variations 
from the normal must be taken as indicating disturbance of function. 
No single test alone ts, or need be, made the criterion for an abso- 
lute functional diagnosis or prognosis. Estimation of the cardiac effi- 
ciency by one of these tests would only partly disclose the functional 
state of the circulation. However, by combined study of the functional 
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organization by means of clinical observation and the use of various 
technical methods, a fair estimate may be obtained of the state of 
efficiency of the circulation. 

The Cardiac Motive Force——That the heart shall continue to act 
normally, its substance must be continuously fed with an abundant sup- 
ply of arterial blood. Given this fuel, the heart possesses motor powers 
complete within itself. 

It carries in its structure a system of specialized cells which gen- 
erate automatically the impulses causing its contractions. One group 
of cells, the so-called sino-auricular node of Keith and Flack,: is placed 
between the sulcus terminalis and the junction of the superior vena 
cava with the right auricle. This is the normal pace-maker of the 
heart.?, Another group of cells, the atrioventricular node of Tawara,? 
is situated in the posterior wall of the right auricle near the inter- 
auricular septum. This group assumes the function of pace-maker for 
the ventricle if the sinus node ceases for some reason to dominate the 
heart’s contractions.‘ 

It should be noted that there are a number of other places where 
an independent contraction may arise. That is, if any part of the 
heart muscle is rendered more excitable than the nodal structure, the 
contraction would proceed from that part.® 

The function of the heart represented by the specialized cells is called 
the chronotropic function, the function of impulse-formation or of 
rhythm in the heart’s contraction. Their probable mode of action is by 
conversion of chemical into kinetic force. This function is so specially 
delegated that any abnormalities of it may be directly attributed to 
alteration of sensitiveness, disease or destruction of the cells con- 
trolling it. 

From the sinus region the cardiac impulse normally travels from the 
auricles to the ventricles along a bundle of Purkinje fibers. This, 
the bundle of His, divides into two branches which pass to the right 
and left ventricles and arborize just beneath the endocardium to supply 
the papillary muscles and the walls of the ventricles. Saigo found 
that these fibers are much richer in glycogen granules than the ordi- 
nary muscle-fibers.6 For any variation of the function of conductivity 
(dromotropie function) this specialized system of fibers is therefore 
responsible. 

The property of cardiac muscle to receive stimuli is termed its 
excitability or bathmotropic function. 

The fundamental power of contraction of the heart muscle (inotropic 
function) differs from the characteristic contractility of skeletal mus- 
ele. The nerve distribution in skeletal muscles regulates their con- 
tractility. With the heart muscle a stimulus which is just strong enough 
to cause a contraction will cause the strongest contraction which that 
heart can make under the given conditions,’ due to the arborization 
of the conducting tissue. After the contraction the heart loses for 
the time being its ability again to respond to a stimulus. This is called 
the refractory period. 


138 FUNCTIONAL DIAGNOSIS 


Finally, the heart muscle possesses the property of tonicity which 
controls the degree of its relaxation. The recognition of the state of 
tone of the heart musculature is very necessary to understand the failing 
heart properly. 

Perfect functioning of the heart would wmply a state in which all 
the qualities of the cardiac structure are normal and coérdinate. In no 
organ is exemplified to a higher degree the fact that the mutual de- 
pendence of functions is proportionate to their specialization. If any 
of the qualities are deranged, to that extent will the normal function 
of the whole organ be disturbed. The recognition of such derangements 
of function and of ther significance forms a part of the study of the 
efficiency of the circulation. 

The complementary action of the vasomotor system is indispensable 
in maintaining adequate circulation. The size of the field of distribu- 
tion of the blood is under vascular control. The degree to which the 
heart could compensate for extreme loss of vasomotor control would 
indicate, perhaps more than any other observation, how satisfactory 
mechanically the organ is. 

The Reserve Force of the Heart.—‘‘ While all the functions when 
exercised use all the force they possess, they nevertheless manifest a 
quality whereby they can respond, under certain circumstances, with a 
greater activity. Thus the rate may be suddenly increased, and at the 
same time the stimulus passed from the auricle to the ventricle with 
increased rapidity, and the contraction be executed quicker. These 
changes are to a great extent under the control of the nervous system.’’ ® 
It is this power of responding to effort that gives us the clue to the real 
state of the heart. 

Under normal conditions an increased demand for blood by an organ 
may be fully supplied by vasomotor regulation. If the demand becomes 
general, with a deficiency of oxygen in the circulation throughout the 
body, as occurs during strenuous muscular exercise, adequate circula- 
tion cannot be maintained through vasomotor action alone; the heart 
must partake in this compensatory process. 

During its normal activity the heart possesses an available reserve 
force by means of which the amount of circulation may be increased. 
In a state of vasomotor incompetence, therefore, the task of transporting 
the oxygen and of increasing the velocity of the circulation devolves 
upon the cardiac motive force. 

The reserve force may evince itself in two ways, i.e., either by an 
increase in rate or by an increase in the systolic output with each beat. 

Different individuals react differently in this respect.?° In untrained 
hearts, as well as in the chronic infections and cachectic diseases and in 
states of nervous or psychic stimulation, the heart usually reacts by an 
increase in rate. In athletes, on the other hand, or in cases in which 
exercise has been practiced, the heart usually reacts by increased daastolic 
intake and systolic output to make up for the circulatory needs. In the 
latter case, the heart dilates, increasing its capacity, so that with each 
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contraction there ensues the expulsion of a larger quantity of blood into 
the systemic circulation. 

In the first instance, the increased rate, if excessive, may partly defeat 
its purpose. Complete and prolonged systolic contraction usually takes 
place at the expense of the diastolic period. The tachycardia may be- 
come so marked that the period of diastole will be shortened to such a 
degree that the filling of the ventricles will be very deficient. A small 
systolic output will naturally occur. The z-ray in such an instance 
would show the size of the heart during diastole to be less than normal. 

In the second instance also the demand upon the heart may exceed 
its capacity. Normally a small amount of residual blood remains in the 
heart even after complete contraction. If the diastolic intake is 
abundant and the heart muscle is too weak to expel the entire content 
with each systole, an increasing amount of residual blood remains in 
the left ventricle after each heart-beat. The z-ray in this instance would 
show a heart dilated above normal during its diastolic phase. 

Upon this fact are based some of the methods of testing the heart’s 
functional capacity. If either of the modes of reaction of the heart to 
muscular exertion fails to enhance and to maintain the circulation effec- 
tively, heart-failure results. The venous pressure increases, the tissues 
become laden with carbon dioxid and their supply of oxygen from the 
arterial current becomes inadequate. On the other hand, if the strain 
is not continued, after a sufficient period of rest, the heart regains its 
former volume and later its former tonicity and once more may acquire 
its original strength. 

Excesswe dilatation of the heart during or after exercise indicates a 
lowering of tomcity and the onset of overstrain. It represents a patho- 
logical condition in which the heart has overstepped its limits. The 
condition usually recedes and leaves no traces unless the heart is again 
overstrained while still in a dilated condition. 

Compensation and Decompensation.—From the clinical point of 
view, as long as the heart is able to maintain an adequate amount of 
blood-flow throughout the circulation, the latter may be said to be com- 
pensated. Good cardiac compensation implies that the heart is able 
not only to do justice to a normal or an increased demand during rest, 
but also to accommodate itself to extraordinary effort. 

Decompensation, or heart-failure, as Mackenzie puts it, is really the 
outcome of the impairment of the functions of the heart muscle itself. 
That is, heart-failure is a physiological effect and is frequently not at 
all relevant to the anatomical changes that have taken place in the 
heart-valves as result of disease. In like manner, the symptoms of heart- 
failure are not the outcome of the lesion affecting the heart-valves, but 
rather they are the expression of impaired function of the heart muscle 
and furnish evidence of the insufficiency of the reserve force. 

‘‘The functional efficiency of the heart muscle depends upon the 
amount of reserve force, and it is by estimating the amount of reserve 
force that we recognize the presencé and degree of heart-failure, and 
the bearing of any sign or symptom on the heart’s efficiency, which is the 
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essential matter in the study of all forms of affection of the heart.’’ }” 

Aim of the Functional Diagnosis of the Heart.—Changes in the flow 
of the blood throughout the body may be occasioned by nervous influ- 
ences, vascular dilatation and contraction, and by alteration of the 
heart’s action. The first two factors are very variable. 

It ts the aim of functional dtagnosis to estumate the functional tn- 
tegrity of the heart as a pump, to learn if the heart may submit to the 
usual demands of active life and if 1¢ can undergo an anticipated amount 
of straun, such as is entailed by work, anesthesia, child-birth, febrile 
toxemia, etc. 

Functional diagnosis should also serve as a clinical index of the in- 
crease or diminution of the heart’s efficiency as the result of treatment 
or muscular work. 

In a comprehensive study of circulatory efficiency, therefore, it should 
be our aim to ascertain which of the various portions of the cardio- 
vascular mechanism are intact and which are deranged, to what extent 
the derangement of structure and function affects the circulation of the 
blood, and to what degree it affects the normal activity and longevity 
of the individual. 

The complementary action of the vasomotor system is very important 
in maintaining adequate circulation. This factor is different in dif- 
ferent individuals and its variations are perhaps the greatest source of 
error in determining the efficiency of the circulation. 

Most of the tests of heart function are based upon circulatory changes 
produced by muscular exertion. The clumcal symptoms and physical 
signs may indicate the direction, but probably not the exact level of 
cardiac efficiency. Changes of pulse-rate and blood-pressure reveal im- 
portant criteria in the study of heart function. The technical methods, 
the sphygmograph and electrocardiograph and the roentgen ray have 
proven themselves valuable aids. 

A more or less complete analysis of heart function, therefore, should 
comprise the following studies: 


I. Significant physical signs and symptoms. 
1. Irregularities of the heart. 
2. Variations in rate—bradycardia and tachycardia. 
3. Changed quality of the pulse—pulsus alternans, ete. 
4. Auscultatory signs. 
5. The evidence in other organs of impaired heart function. 
II. Blood-pressure studies. 
1. Cardiac efficiency factor of Tiegerstedt. 
2. The second tone phase test of Tornai. 
3. Cardiac strength—cardiac weakness ratio. 
III. Cardiovascular response to a general demand for increased cir- 
culation. 
1. Methods depending upon variations in pulse-rate : 
(a) The effect of change of posture upon the pulse 
rate. 
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(b) Mendelsohn test. 
(c) Herz’s test. 
2. ae depending upon variations in blood-pressure: 
(a) The effect of change of posture upon the blood- 
pressure. 
(b) Effect of exercise upon the blood-pressure. 
(c) Stair-climbing test of Selig. 
(d) Herz’s gymnastic resistance test. 
(e) Katzenstein’s test—compression of femorals. 
(f) Epinephrin test. 
(g) Graupner’s exercise test. 
(h) Barringer’s test—‘‘delayed rise’’ of pressure. 


IV. Tests of efficiency of the right side of the heart. 
1. The venous pressure. 
2. Breathing tests. 


V. The polygraph. 
1. Interpretation of sphygmographic tracings. 
2. Significant pulse and apex tracings in myocardial de- 
generation. 


VI. The electrocardiograph. 
1. Interpretation of the electrocardiogram. 
2. Significant electrocardiogram in myocardial degeneration. 


VII. The roentgen ray and orthocardiograph. 
1. Variations in the size of the heart during and after work. 
2. The refiex effects of external irritation on the size of 
the heart. 


VIII. Metabolic changes in impaired heart function. 
1. Vital capacity of the lungs in relation to heart function. 
2. The elimination of salt as an index of heart function. 


IX. Functional tests in congenital and abnormal hearts, in cardiac 
displacements, and in special diseases. 


I. The Significant Physical Signs and Symptoms of Impaired 
Function.—1. IRREGULARITIES OF THE HEartT.—Respiratory arrhyth- 
mia and the ‘‘youthfw irregularity’’ of Mackenzie do not indicate any 
disturbance of heart function. In fact, sinus arrhythmia in the young 
individual indicates norma] heart muscle? (Fig. 9). 

All other forms of arrhythmia are not to be overlooked as they indi- 
cate impairment of the motor mechanism of the heart. When we find 
irregular action we may assume that a waste of the heart’s energy occurs. 
After a premature ventricular contraction, there occurs a long pause 
during which the ventricle is overfilled with blood. The following con- 
traction is necessarily exaggerated in order to expel the increased con- 
tent. When extra-systoles are frequent, as in pulsus bigeminus, or in 
pulsus trigeminus, abnormally large quantities of blood are mobilized 
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with each normal systole. This may eventually lead to fatigue of the 
ventricular muscle (Fig. 10). 

With the pulsus irregularis perpetuus, of auricular fibrillation, a 
great number of the heart’s contractions are incomplete and have little 
effect upon or value in the circulation. The heart is overstimulated with 
many futile and unavailing contractions. The waste of the heart’s 
energy is at a maximum and exhaustion of its musculature follows. 

2. VARIATIONS IN Rate.—Tachycardia.—As before explained, this 
may impair the circulation. The beats, following each other in rapid 
succession, do not permit of proper filling of the ventricle. To maintain 
the circulation, a slower rate would suffice. The heart, acting rapidly, is 
therefore working out of proportion to the demand put upon it, and will 
easily become fatigued. During tachycardia the heart is smaller in its 
diastolic phase than in normal diastole. With fatigue of the left heart, 
dilatation takes place, systolic contractions become incomplete and each 
diastole finds the heart wider than before. In this way a state of tachy- 
cardia, apparently harmless, without any recognizable organic basis, can 
become clinically extremely significant. 

Bradycardia.—Disturbances of conduction resulting in prolonged 
diastole cause an increased intraventricular tension. If there exists 
complete heart-block, the function of the heart is usually better than in 
eases of partial or changing heart-block. In complete heart-block, the 
ventricular musculature adapts itself to the increased amount of blood 
forced into it by the successive auricular contractions. It dilates and 
hypertrophies and after every so many auricular contractions propels a 
larger volume of blood into the systemic vessels. If, however, the ven- 
tricle responds from time to time to the auricular stimulus—and it must 
respond with its complete contraction—there occurs a waste of its energy 
if it contracts after a short diastole, or it lacks power to completely 
empty itself if the diastole has been prolonged. Temporary stasis then 
occurs because the blood is not propelled into the aorta; and signs of 
congestion of the visceral organs, especially of the brain, develop—such 
as dizziness, unconsciousness and even convulsions, as in Stokes-Adams 
syndrome (Fig. 11). 

3. CHANGED QUALITY OF PuLSE.—Alternation of the pulse indicates 
a state of myocardial exhaustion. Pulsus alternans is an irregularity 
due to a variation in the force of the beats of the heart, a strong beat 
alternating with a weak one. The rhythm, however, is perfectly regu- 
lar. The real cause of this form of pulse wave has escaped detection. 
‘‘The disturbance is dependent upon some unexplained anomaly of 
the ventricular systoles, whereby at each alternate systole of the left 
ventricle a greater or smaller quantity of blood is thrown into the 
systemic arteries.’’?* It occurs in cases of tachycardia, where it does 
not seem to have any very serious import. It also occurs where the 
heart-rate lies within normal limits, and at such times it is a sign of 
much clinical value. 

In the vast majority of cases it is associated with degenerative change. 


in the heart muscle, and indicates some degree of heart exhaustion. | 
VOL. I1.—10. 
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is, therefore, of very grave'significance. The alternation itself causes 
no symptoms, except those referable to the myocardial changes respon- 
sible for the pulse anomaly. It may first be discovered upon measuring 
the systolic blood-pressure in the arm (Fig. 12). 

4. AvUscULTATORY SIGNS oF Heart Function.—Auscultation will 
yield much valuable information as to the sufficiency of the heart. If 
there is an insufficiency of the power of the left ventricle through diminu- 
tion of its contractility, or elasticity, the aortic second sound will show 
a relative reduction in intensity following brief exercise, owing to a 
smaller systolic output of blood. If under such circumstances the right 
ventricle remains sufficient, there will be a simultaneous accentuation of 
the second pulmonic sound. Cases which present this combination of 
signs are likely to end favorably. 

Insufficiency of the right ventricle is also shown by a relative diminu. 
tion in the intensity of the pulmonic second sound following exercise, 
and when this is combined with evidence of sufficient power of the left 
ventricle, the prognosis is less favorable. 

If the accentuation of the aortic first sound is greater than that of 
the second, it is an indication of the hyperexcitability of the vasomotor 
center which leads to vascular dilatation during work to relieve the 
strain on the heart. If the vasomotor disturbance is considerable and 
the aortic sound much reduced, this may result in an insufficient 
peripheral circulation. 

A special form of stethoscope has been devised for the purpose of 
estimating the comparative intensity of the various heart-sounds.’® The 
value of this stethoscope (Bock) depends upon the fact that ‘the normal 
ratio of intensities of the first sound at the apex to the second sound 
at the base is'approximately 2:1. According to some authors who 
have used the instrument, this ratio is frequently altered when the 
myocardium is affected, and may become 1: 1.” 

It is important to differentiate functional from organic heart mur- 
murs. Functional murmurs show decided changes of intensity, and, in 
contrast to organic murmurs, rather become weaker than more pro- 
nounced by energetic cardiac action, and may disappear entirely if the 
heart is under stimulation, particularly by digitalis.’® 

5. SYMPTOMS IN OTHER ORGANS.—When the heart is forced to exer- 
cise for a period at the full extent of its power, heart-failure sets in. 
This produces an insufficiency of circulation in the various organs. The 
functional impairment of the latter may produce symptoms indicating 
the debilitated power of the heart. 

The symptoms of heart-failure, therefore, are very variable, depend- 
ing upon which organs in different individuals are most affected by the 
deficient blood supply. 

Dyspnea is one of the earliest symptoms of functional disturbance 
of the heart. The respiratory center is extremely sensitive to changes 
of the oxygen and CO, content of the blood. Therefore it was main- 
tained that dyspnea results from insufficient oxygenation of the medul- 
lary center. This, however, has been contradicted by Kraus, who showed 
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that the amount of oxygen taken up by the blood and of CO, given off per 
minute is practically unchanged in cardiac failure. That is, the rapid 
breathing induces a greater amount of air to enter the lungs per minute 
without altering the amount of oxygen taken up by the blood.’® 

It is, therefore, probable that stasis in the pulmonary capillaries 
stimulates the vagus endings in the same way as does CO,. The elas- 
ticity of the lung is probably diminished and its volume is increased.”° 

This explanation of the dyspnea in heart-failure finds support in 
the clinical experience that severe dyspnea, panting, is an early sign of 
mitral lesions, while in aortic disease it is a sign of severe decompensa- 
tion. Welch demonstrated that in conditions in which the force of the 
left heart is impaired without impairment of the right, dyspnea and 
the other respiratory disturbances occurred.”* Failure of the right ven- 
tricle substitutes a state of broken systemic compensation and the dysp- 
nea may become much relieved and give place to cyanosis, enlargement 
of the liver and edema.”? 

Associated with dyspnea, perhaps the earliest sign of heart-failure 
will be found in the appearance of fine crepitations at the bases of the 
lungs. In patients with mitral lesions particularly, the bases of the 
lungs will be found to show signs of edema in the early stages of 
breakdown. 

Stasis Phenomena.—Stasis phenomena in heart disease, such as edema, 
ascites, hydrothorax, are evidence of failure of compensation of the 
right side of the heart. When the force of the heart no longer main- 
tains the arterial pressure at the height necessary for efficient circula- 
tion in the tissues, we get the symptoms in the remote organs, with ‘the 
development of dropsy, ascites and enlarged liver. The disappearance 
of dropsy is often a definite sign of the restoration of the heart’s tone. 

Angina Pectoris.—Mackenzie has advanced the view, most significant 
from the standpoint of functional diagnosis, that ‘‘angina pectoris is 
but the expression of an exhausted muscle.’’ The exhaustion may arise 
from any cause that overtaxes the heart. The gravity of the case does 
not depend upon the violence of the symptoms. Its importance must ‘be 
estimated by an examination of the conditions that have induced, the 
muscular exhaustion. The presence of other phenomena, such as cardiac 
asthma, pulsus alternans, or Cheyne-Stokes’ breathing, is an additional 
evidence of such advanced exhaustion and renders the outlook very 
grave. e- 

Allbutt rejects this theory and believes that the angina is a pain 
located in the ascending or suprasigmoid portion of the ascending aorta, 
and that this pain is due to tension or stretching of the nerve endings i in 
the adventitia. He believes that the sudden death in angina is due to 
vagus inhibition as a result of*the pain.”* 

II. Blood-pressure Studies—The Absolute Work Done by the 
Heart Muscle—1. SpHyaMoMANOMETRY.—-The estimation of the ar- 
terial pressure is of great importance in the examination of the cir- 
culatory system. Not alone is this necessary for the proper interpreta- 
tion of the various tests later to be described, but it is only from a careful 
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analysis of the factors entering into its production that the absolute and 
relative amount of work done by the heart can be ascertained. 

With each systole, the left ventricle expels its eontent of blood into 
the arterial system. The larger arteries are thus distended to a slight 
degree. The elastic coats of the arterial walls cause them to recoil -and 
to compress the column of blood within them. This serves to keep the 
pressure at a certain height in order to maintain a continuous flow of 
blood through the capillaries. The pressure within the arteries is spoken 
of as the blood-pressure or arterial pressure. 

The factors thus concerned in the production and maintenance of the 
blood-pressure are (1) the volume output of the left ventricle, (2) the 
rate of the heart-beat, (3) the elastic recoil of the arteries, and (4) 
the peripheral resistance of the capillaries. The viscosity of the blood 
and the total amount of blood in the body are lesser factors, influencing 
the peripheral resistance.** 

2. METHODS OF MEASURING THE BLOOD-PRESSURE.—Digiial examina- 
tion of the pulse reveals a number of important data. The palpation 
of the arterial wall, the resistance it offers to the compressing finger, 
the size of each beat, the manner of its rise, the duration of the pulse- 
wave, and the diastolic pressure after the wave has subsided are indi- 
eators of value, some of which the finger alone can detect. This method, 
however, offers no mathematical accuracy in interpretation and must 
therefore be supplemented by the instrumental methods which have come 
to play a most important réle in the study of the circulation. How- 
ever, we must not deprive ourselves of those pulse impressions which 
the finger alone will reveal to us and some of which cannot be acquired 
in any other way. 

Many tnstruments have been devised to measure the arterial pressure. 
Some are manometric and other methods are graphic. Most of the 
instruments, however, depend upon compression of the brachial artery 
by an air-bag placed around the arm. The bag is inflated to a pressure 
above the maximal pressure in the artery when the radial pulse is found 
to disappear. The air in the bag is then allowed to escape and the pres- 
sure noted at which the radial pulse-beats return. The pressure in 
the bag is measured by a mercurial or spring manometer to which it 
is attached by rubber tubing. It is necessary to use a wide cuff, at 
least 12 em., as it has been shown that the possibility of error with a 
narrow cuff may be as much as 40 per cent. of the reading." 

The deduction is that the amount of pressure required to just ob- 
literate the pulse is exactly equivalent to the intra-arterial blood-pres- 
sure. One important source of error must not be overlooked. It was 
formerly assumed that a very small amount of pressure would suffice 
to completely compress the normal artery.2® This was evidently fal- 
lacious, as it has been definitely shown that it may require a consider- 
able amount of pressure, even up to 30 mm. of mercury, to overcome 
the resistance of the arterial wall alone in certain cases in which the 
artery is thick, contracted or sclerosed.?’ 

The instruments used are in the main mechanical variations of the 
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Riva-Rocct type.?* They all consist of an inflatable air-bag which sur- 
rounds the arm. Aul’s instrument consists of a small bag which is com- 
pressed over the radial artery.2® The bag is connected by a tube to 
a mercury, compressed air or spring manometer. The bag is inflated 
through another tube and the pressure read off directly from a scale 
on the manometer. 

Inasmuch as the graphic methods of blood-pressure estimation are 
not for general clinical adaptation, mention of them will suffice. 

The Erlanger sphygmomanometer consists of a blood-pressure instru- 
ment as above described.*® The bag, however, is indirectly connected 
with a Marey tambour and the pressure changes are recorded by the 
movement of the tambour upon smoked paper on a small drum. 

Uskoff’s sphygmotonograph consists of a Jacquet sphygmograph com- 
bined with a sphygmomanometer.?*' Together with the pulse-wave, the 
absolute blood-pressure is recorded automatically by means of a float 
upon the mercury manometer. 

The sphygmobolometer (Sahli) aims to record the pulsations in the 
cuff by a float on top of the mercury column.*? 

The plethysmograph was the first useful apparatus devised for esti- 
mating the blood-pressure in man.*? The hand or forearm is placed in 
a glass container filled with water and possessing an accurately fitting 
rubber cuff to make it air-tight. The inside of the vessel leads by a 
rubber tubing to a recording pen and drum. It shows the volume changes 
in the arm caused by variations in blood-pressure. 

3. AUSCULTATORY METHOD oF ESTIMATING BLOOD-PRESSURE.—Korot- 
kow in 1905 first advocated the use of the auscultatory method of esti- 
mating blood-pressure.** The usual cuff and manometer are used. A 
stethoscope is applied 2-4 cm. below the cuff over the brachial artery. 
The blood-current is shut off and when the mercury is permitted to fall 
gradually, a clear tone is heard corresponding to the point of maximum 
systolic pressure. A sequence of sounds then follows as the pressure 
is gradually reduced in the cuff, until all sound disappears from the 
brachial artery ; sometimes a low, dull tone may persist. This point cor- 
responds to the minimum or diastolic blood-pressure. 

Numerous studies have been made to discover the significance of 
changes in meximal and minimal arterial pressures and careful analyses 
of the cycle of sounds in the artery below the point of compression 
have suggested certain tests of myocardial function. 

We need not enter into the theoretical considerations regarding the 
formation and interpretation of the sounds. The factors involved are 
(1) the impulse given to the blood-current by the heart’s contraction, * 
(2) the suddenness of the distension of the vessel, ** (3) the amplitude 
of the blood-wave, *° (4) the diameter of the vessel,®” and (5) the 
resonating character of the cuff.*® 

There are described five phases during the lowering of the external 
pressure from above the obliteration point. 

1, A clear, sharp sound—the index of systolic pressure. 

2. A murmur of variable duration replacing the above. 
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3. <A clear, usually loud and snappy sound replacing the murmur. 

4. A transformation (usually sudden, at other times more gradual) 
of the clear sound into a dull one, the index of diastolic pressure. 

do. The disappearance of all sound. 

The maximal blood-pressure in the arteries occurs during ventricular 
contraction. The diastolic is the minimal arterial pressure and repre- 
sents the ebb to which the arterial pressure falls while the aortic valves 
remain closed. Von Recklinghausen found that in taking the reading by 
the mercury manometer the large oscillatory waves which occur in the 
mercury column begin and end abruptly and these points he considers 
the points of maximal and minimal pressure.*® 

The amplitude or range of arterial pressure between systole and 
diastole is the result of the volume output into the circulation of the 
heart and is called the pulse-pressure. It indicates the extent to which 
the heart overcomes the peripheral resistance. It represents that excess 
over diastolic pressure which opens the aortic valves and distends the 
arterial walls. 

We shall concern ourselves with the significance of the blood-pressure 
as an index of the functional capacity of the heart. 

The normal systolic blood-pressure of adults up to forty years varies 
from 115 to 125. It is less in younger individuals and females, and 
usually increases with age, so that a pressure of 140 to 150 may be 
considered normal in people over fifty years. The normal diastolic 
pressure ranges from 30 to 50 mm. mercury below the systolic pressure. 

Gibson has suggested that certain arithmetical relations normally 
exist between the three divisions of the blood-pressure: *° 


Diastolic: Systolic = 2:3 
and 
Pulse Pressure: Systolic Pressure = 1:3 


Based upon the ratio of these factors to each other, certain methods 
have been suggested for the estimation of the efficiency of the heart 
considered as a pump. 

4. TESTS FOR THE ESTIMATION OF THE EFFICIENCY OF THE HEART.— 
(a) Cardiac Efficiency Factor of Tigerstedt.—Tigerstedt *! utilizes the 
formula of Poiseulle *? which is used for fluids circulating in horizontal 
tubes. Reasoning from that formula, he suggested the following: 

The pulse-pressure or volume output of the heart multiplied by the 
pulse-rate represents the velocity of the circulation. The systolic pres- 
sure multiplied by the pulse-rate represents the total amount of work 
done in the circulation. The quotient of the velocity of circulation 
divided by the total work in the circulation gives the efficiency of the 
heart asa pump. Thus: : 

P.P. & Pulse-rate = Vel. 
Syst. P. x Pulse-rate = Work 
Pal, 


sp > Efficiency of heart as a pump. 
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This is called the blood-pressure coefficient. In the normal individual 
this coefficient is 25 to 35 per cent. A cardiac efficiency factor below 
20 per cent. or over 40 per cent. would indicate myocardial inefficiency. 
To illustrate, a systolic pressure of 130 mm., while within normal limits, 
may in truth represent the total power of a failing heart if accompanied 
by a diastolic pressure of 110 and a pulse-pressure of 20 mm.—as the 
formula would show: 


pas = ae = 15 per cent. 


S. P. 130 


The same conditions may be present with a high systolic and a 
high diastolic pressure. Great increase of the P. P. is pathological and 
may be more than the normal heart can stand. The myocardium may, 
to a limited extent, hypertrophy, to be enabled to bear the overload of 
volume output. If the overload becomes excessive and the heart begins 
to fail, the pulse-pressure would fall at the expense of the maximal pres- 
sure. Thus in compensated and advanced arteriosclerosis and chronic 
interstitial nephritis a systolic pressure of 180 to 200 mm. accompanied 
by a diastolic pressure of 110 to 120 mm. is frequently seen, and in 
such cases when the heart begins to fail the systolic pressure falls, while 
the diastolic pressure, owing to the rigid arteries and the increased 
pulse-rate occasioned by the dilating heart, may remain relatively high, 
and as a result the pulse-pressure falls until the head of pressure in the 
arteries is no longer sufficient to maintain the circulation. 

Stone has suggested the determination of a cardiac load and overload 
factor based on auscultatory blood-pressure determinations.*® He con- 
siders that the pulse-pressure measures the energy of the heart in systole 
in excess of the diastolic pressure. For clinical purposes, it represents 
the load of the heart. Under normal conditions it is approximately 50 
per cent. of the diastolic pressure. The myocardial load, according to 
Stone, may therefore be expressed by the fraction 


Pulse Pressure ae PP. 
Diastolic Pressure D.P. 





Since the diastolic pressure measures the peripheral resistance, it 
is a better index of hypertension than the systolic pressure. A sustained 
diastolic pressure of 100 to 110 signifies hypertension. The diastolic 
is less influenced by physiologic factors than the systolic pressure. 

(b) Tornar’s Test: Auscultatory Phase-relations in Functional Diag- 
nosis of the Heart.—Korotkow recognized three phases in the arterial 
tones produced by compression of an artery by a Riva-Rocci cuff, a 
maximum pressure tone, a minimum pressure tone and a murmur mixed 
with these occurring at a variable point between these two. Later 
authors recognized (Ettinger,®’ Fischer **) a fourth dull tone below the 
highest diastolic point. 

Tornai discerns as many as six phases and he bases his functional 
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diagnosis upon certain variations in the relationship of these tones to one 
another.*® 

Technic of the Test.—Tornai finds a narrow cuff (modified by Sahli) 
most convenient for auscultatory estimations. The minimal or diastolic 
blood-pressure is first determined. The cuff is then inflated to ascertain 
the maximal pressure. Gradually the air is permitted to escape from 
the cuff and the pressure is noted at which the arterial murmur appears. 
The pressure is further lowered and the point noted at which the mur- 
mur disappears. Note is kept of whether the murmur is loud or not and 
whether it is pure or mixed with the pulse-sound. 

The patient then executes a moderate amount of work—such as sit- 
ting-up and lying down several times, or raising his feet in the air a 
number of times. It is important to eliminate as much as possible any 
excitement or undue strain. For each of several minutes after cessation 
of the muscular exercise the blood-pressure readings are taken with 
«special reference to the time, duration, character and intensity of the 
arterial murmur. 

These measurements indicate the duration of the altered heart action 
and how long it takes the heart to return to normal. 

Standards.—In healthy people there is normally a period in the 
blood-pressure reading during which an arterial murmur is audible. This 
murmur increases in duration after moderate exercise, above the maximal 
point. Within 3-5 minutes after work, however, the normal heart returns 
to its normal phase-relations. 

After fatiguing work, 8-10 minutes may elapse before a return to 
normal. During this period after fatiguing exercise the maximal and 
minimal pressure as well as the position of the murmur are lower than 
before. 

When we find, therefore, that after exercise the arterial murmur 
begins higher and nearer the maximal pressure and that the maximal 
and minimal pressures have not fallen, we may conclude that the heart 
in that case possesses a sufficient reserve force (for the amount of work 
executed ). 

In heart disease diminished reserve force will be indicated by a 
shortening of the murmur phase anc its depression after exertion. 

In cases of marked hypertrophy of the left ventricle Tornai found 
that a normal reaction to exercise may take place because of the in- 
creased output with each beat, although the functional capacity of the 
heart may be affected by its valvular trouble. 

He tabulated the findings in a number of cases before and during 
treatment. In one case of Addison’s disease phase-variations in the 
blood-pressure were restored approximately to normal during a sys- 
tematic course of adrenalin treatment. In a second similar case no 
benefit was derived from the treatment and the abnormal auscultatory 
findings persisted. 

(c) Cardiac Strength-Cardtac Weakness Factor as Measured by Aus- 
cultatory Phases.—Goodman and Howell have measured the five different 
phases of the cycle in figures of pressure on the manometer.*® With 
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the normal pressure, systolic 130 mm. and diastolic 88 mm., the phases 
are fairly distinct and bear a certain relation to the extremes of 
pressure. 

The first phase, or tone phase, serves principally as an index of the 
height of systolic pressure. The second or murmur phase seems to be 
especially dependent upon cardiac effectiveness. It is in this phase 
alone that the individual sounds possess a distinct element of duration. 
Many authors have agreed that the second phase or murmur phase of 
the auscultatory blood-pressure observation indicates cardiac strength. 
Tornai was among the first of these, and he has developed the test of 
myocardial efficiency based upon it (described above). 

The third phase, or second tone phase, according to Goodman and 
Howell, depends not alone on cardiac efficiency, but also on the char- 
acter of the vessel wall. The more sclerotic the vessel and the greater 
the cardiac hypertrophy, the more favorable are the conditions for the 
production of a clear tone. 

The fourth phase indicates the point of diastolic pressure. Goodman 
and Howell found the following percentages normal: 


DSU “DNESC: on deuG cede sbak eh cowie su bee Gad 31.1 
2NG- DNASE: «hc uae Salon cers be Ook aea ea ws 44.4 
BLE PHASC s2cestwatoaet ice aes weteeaes 11.1 
Ath: DNASE: catered: Suca pe-ateer gee Ane aha eas 13.3 


They considered that the cardiac strength as indicated by the sum of 
the second and third phases bears normally a ratio of 5 to 4 to the sum 
of the first and fourth phases. 

It is, however, not always practically applicable, because the second 
sound is sometimes absent normally and difficult to determine and 
also because a short second phase is very frequently made up by a 
long third phase. 

III. Cardiovascular Response to a General Demand for Increased 
Circulation —1. MrtrHops DEPENDING UPON VARIATIONS OF THE PULSE- 
Rate.—(a) The Effect of Change of Posture upon Pulse-Rate.—As early 
as 1833, Donnell showed that the pulse-rate is normally slower in the 
recumbent than in the erect or semi-erect positions.*7 Schapiro made the 
observation that the normal difference disappears when the heart is 
seriously weakened.** Hogerstedt and Graupner noted the return of the 
pulse-difference after the effect of digitalis upon the heart was estab- 
lished.148 In one hundred cases recently tested, it was found that the 
slowing of 7 to 15 beats per minute, which recumbency normally pro- 
duces, is diminished or altogether lost in cases of incompetent valvular 
disease or when the heart is seriously weakened by any cause.*® Geigel 
found that a variation of pulse-rate above 30 between lying and standing 
or an inversion of the normal relationship between lying and standing 
indicates a weakened heart function." 

Psychic factors may considerably disturb the correctness of the esti- 
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mate in any particular case. The normal increase from reclining to 
standing posture should never be more than twenty beats per minute. 

In a group of 124 soldiers with clinically normal hearts studied by 
the author, the pulse-rate rose an average of 16 beats on change from the 
seated to the erect posture. The variations from the average were 
comparatively slight; the maximum rise was 28 in a few cases, and the 
minimum in one ease was 0; the most frequent figures were 12, 18 and 24. 
Whenever a variation of 30 or over occurred in this series of normal 
cases, subsequent tests proved that this was not constant and probably 
due to adventitious influence.®? 

Prével considers the mechanism causing the acceleration of the pulse 
on changing from the reclining to the upright position an abdomino- 
cardiac reflex. The contents of the abdomen slide down, inducing an 
acceleration of the pulse as the gastric ramifications of the pneumo- 
gastric are stretched.” 

(b) Mendelsohn’s Test: The Effect of Exercise upon the Pulse-Rate. 
—The variations of the pulse-rate following exercise were the first to 
be studied in their functional significance. Mendelsohn and Graupner 
estimated the length of time it takes for a normal heart to return to its 
previous rate after a measured amount of work.®® The time it takes for 
any given heart to return to normal after a definite amount of exercise 
was then suggested as a measure of its functional capacity. The longer 
the time it takes to return to the normal rate, the less efficient the heart 
is considered. 

The technic of the test is very simple. The pulse-rate is noted after 
a period of rest in the standing and the recumbent postures. The patient 
then performs a measured amount of work, either on a Gaertner ergo- 
stat or in any other way. Cabot and Bruce use stair-climbing and 
calculate the number of foot-pounds of work by multiplying the height 
climbed by the weight of the individual in pounds. The pulse is counted 
at rest after the work stops and the time noted until its return to normal. 

Mendelsohn finds that after 100 to 200 kilograms of work the pulse 
in healthy hearts returns immediately to normal. After 200 to 500 kilo- 
grams, the pulse returns to normal in 2 to 3 minutes. Sometimes it falis 
slightly below normal, but returns to normal within 2 to 3 minutes. 
Above 500 kilograms of work the normal heart may increase in rate for 
a short period even after the cessation of work, or it may fall below 
normal to return to its original rate after a shorter or longer period. 

Mendelsohn asserts it as a principle that, the greater the amount 
of work done with prompt return to the normal rate, the greater is the 
functional capacity of the heart. He emphasizes the point that the 
amount of work should be considered as of relative value only. Abso- 
lute amounts of work cannot be laid down as the normal for any person 
because the capacity for work varies with the weight, muscular develop- 
ment and general makeup of the individual. 

In cases of heart disease, often after 25-50 kilograms of work, the 
heightened rate will maintain even after a prolonged period of rest. 

(c) Stair-Clmbing Test of Selig—Selig experimented with 100 per- 
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sons in various states of health before and after exercise. The exercise 
consisted in stair-climbing and, in several cases, a game of football. Im- 
mediately after the exercise the change in outline of the heart was noted 
by percussion, and the pulse and blood-pressure taken.** 

Selig found that in healthy individuals the pulse rose an average of 
20 beats per minute, the highest rate in his series being 153. Various 
authors give slightly different figures of the highest pulse-rate after work 
which is compatible with normal cardiac efficiency—thus, Staehlin, 156 ©; 
Tantweiler, 170 °°; Griinbaum and Amson, 173°’; and Goodall, 180.°° 

In most of the 46 cases of various general diseases tested,the pulse- 
rate increased slightly more than normally and the blood-pressure fell 
after the work. The results showed, however, considerable difference 
between the various types of cases. 

In the 43 cases which showed heart disease, the pulse increased an 
average of 19 beats per minute. 

This staircase test is perhaps the most commonly employed on ac- 
count of its simplicity and the fact that it can be performed without 
any special apparatus. In doing this test, we find almost always com- 
plete corroboration of the patient’s statements regarding his cardiac 
capacity. Stair-climbing or merely walking is an experiment every 
cardiac patient necessarily performs upon himself in the usual course 
of his life and the symptoms of fatigue come perhaps concomitantly 
with the physical signs we discover. 

The ‘‘hopping test,’’ or bending the knees or the trunk, are modi- 
fications of the Selig test. These are used not only for the study of 
heart function, but frequently as a routine method to elicit a latent 
valvular lesion. These tests have the defect that the actual amount of 
work performed by the individual cannot be computed. 

Lian found the following modification of the exercise test of value. 
It is based upon counting the pulse after an exactly measured 
‘ physical exercise.117 The test consists in having the subject, after the 
pulse-rate at rest in the standing position has been carefully ascer- 
tained, execute running steps on one spot, with the legs bending to a 
right angle with the thighs, at the precise rate of two steps a second. 
At the end of one whole minute the subject stops and remains at rest, 
standing, while the pulse-rate is counted for fifteen seconds in every 
minute until it returns to normal or nearly so. The heart is considered 
functionally adequate when this takes place before three minutes have 
elapsed after the exercise. A rise in the rate to over 120 a minute from 
the normal resting rate of 70 to 80 is held to show slight cardiac weak- 
ness. When the rate rises as high as 152 and returns to normal only 
after four or five minutes, functional deficiency is distinct. 

Acceleration of the heart at the beginning of voluntary exercise is 
chiefly due to the decrease in tone of the cardio-inhibitory center. This 
is based upon evidence provided by Gasser and Meek.®® After the re- 
moval of the accelerators and subsequent section of the vagi, marked 
acceleration of the heart may still be produced by a short period of exer- 
cise. Acceleration may, however, be brought about through the accel- 
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erators if necessary. These are a factor of safety and in exercise their 
action is superimposed on that of the vagi only in times of great need. 
Aside from this, their chief function is maintaining the level of the 
resting pulse. Snyder ® regards the respiratory change of heart-rate 
also as a depression of the vagus center, an automatic effect from the 
inspiratory center. 

(d@) The Hopping Test.—The ‘‘hopping test’’ used in a study of the 
author is a modification of the stair-climbing test commonly employed, 
and when standardized yields equal service with the latter. In per- 
forming the prescribed exercise, the author considered that the body 
weight is raised, on an average, three inches or one-quarter of a foot. 
The toes are raised from the ground perhaps one inch and the knee is 
raised about two inches. Taking the average weight as 150 pounds, the 
amount of work performed in 100 hoppings would be about 150 * 3/12 
(feet) & 100, or 8750 foot-pounds. When the individual’s weight is 
known, as it was in all of our cases, the approximate of work performed 
was easily computed. The weight of the individual was considered the 
only variant, as the height of hopping was controlled as much as it 
could be to about the average. 

In the group of 124 normal cases, the pulse-rate rose an average of 
25 beats above that of the standing posture as counted immediately 
after the exercise, or of 41 beats above that of the sitting position. 
During the two minutes following the exercise, it fell an average of 29 
beats with the patient seated. There were no extreme variations in these 
figures, so that the results here obtained, as shown in Fig. 13, may be 
taken as the normal pulse variations from the sitting to the standing 
postures, and also following the prescribed form and degree of exercise. 

Observations were made by the author upon a series of 32 cases of 
simple tachycardia. They all presented moderate tachycardia, above 
100, and in most instances 120 beats a minute, more or less persistent, 
but without discernible cause and with otherwise normal hearts. 

The increase of pulse-rate in simple tachycardia, as a result of exer- 
cise, over the rate in the erect posture, was much less than normal. The 
average increase after exercise was only 11 beats a minute ; the varia- 
tions above and below this were slight. 

In two cases of sinus bradycardia with persistent pulse of 60 and 
less, the results of comparative tests revealed what may be interpreted 
as vagotonic influence upon the pace-maker. Thus the pulse rose 25 
beats in changing from sitting to standing posture, but exercise did 
not increase it at all, the effect being more complete than in simple 
tachycardia. The pulse then fell even lower than before. The systolic 
and diastolic pressure changes were quite normal. 

In 12 cases of. fully compensated mitral regurgitation the blood- 
pressure reactions were normal. The changes of pulse-rate were almost 
exactly like those in our group of cases of simple tachycardia. 
That is, change of posture fron sitting to standing increased the rate 
more than normally; exercise, however, effected the same change as ap- 
peared so characteristically in the cases of simple tachycardia, and was 


FUNCTIONAL CAPACITY OF CIRCULATION 159 


even more marked, 1.e., there was only a slight increase of pulse-rate, an 
average of 6 beats per minute. 

(e) Herz’s Test (‘‘Selbsthemmungsprobe’’ *!).—The technic of this 
test is as follows: The pulse-rate is taken with the patient in the re- 
cumbent posture. The patient is then instructed to alternately fiex and 
extend one forearm. In doing this, however, the patient is instructed to 
contract both the protagonist and antagonist muscles at the same time 
throughout the exercise, thus in each case resisting his own movements. 
The movements are slow and strenuous. They can be controlled by the 
examiner if he guides the elbow and wrist in their motions. 

Griinbaum and Amson have previously shown that normally, with 
this exercise, a very slight rise of pulse-rate may occur, or the rate may 
remain unchanged. In cases of muscular heart affection, Herz found 
that the pulse is inevitably slowed by this ‘‘Selbsthemmungsprobe.”’ 
According to the author, hypertrophy and dilatation of the heart both 
give the same ‘‘S’’ reaction. The findings of Herz are apparently em- 
pirical. He offers no theoretical explanation for his findings. There 
does not appear to be any physiological explanation for this reaction, and 
psychic effect may be sufficient to cause a change of rate. Hirschfelder 
believes that the influence of the vagus in certain cases is a factor in 
producing Herz’s results.® 

Cabot and Bruce found that normally Herz’s test was relative, but 
that in some of their cases of myocarditis the pulse slowed 5 to 20 beats. 
They, however, did not follow Herz’s technic in performing the test. 
They made it a rule that extension shall consume a full minute’s time 
and flexion also a minute, a condition which would inevitably introduce 
the psychic and nervous effects. They also restricted muscular contrac 
tion, which Herz especially emphasizes. The results of their studies with 
those of Herz are therefore not exactly comparable. 

2. Mertiops DEPENDING UPON VARIATIONS IN BLOOD-PRESSURE.— 
(a) Effect of Change of Position upon the Blood-Pressure.—The auscul- 
tatory method for blood-pressure examination should properly be ap- 
plied with the patient’s arm at the side of the chest, as the normal 
reading varies considerably with the arm in different positions. This 
holds for both the seated and the standing postures and even in the 
recumbent position, and was carefully adhered to in all the author’s 
observations. 

Change of posture causes a vasomotor effect that manifests itself by 
a change of systolic and diastolic pressure and of pulse-pressure. This 
is the more marked the greater and the quicker the change of posture 
is executed. Crampton found that the systolic pressure is increased 
normally on change from the recumbent to the standing position, while 
in conditions of lowered vasomotor tone it remains the same or 1s 
decreased.®* 

From the seated to the standing position the change is distinct and 
normally quite characteristic. In our group of normal cases the systolic 
pressure fell an average of 2 mm. of mercury on change to the stand- 
ing position. In the large majority of cases the change ranged between 
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, rise of 10 mm. or less and a fall of 10 mm. or less. In one case a 
ise of 26 and in two cases a fall of 24 mm. of mercury were the extremes. 

The diastolic pressure rose an average of 7 mm. from the sitting to 
he standing posture. It rose in almost every case and in a few cases as 
1igh as 20 mm. of mercury; in a few cases it fell 10 mm.; in only one 
vase it fell 27 mm. The pulse-pressure fell an average of 9 mm. of 
nercury on change from the sitting to the standing position. 

(b) Effect of Exercise upon the Blood-Pressure-—aArno Lehndorff 
showed experimentally that stimulation of the splanchnics produces their 
2ontraction with increase of blood-pressure to a varying degree. This is 
also the normal effect of muscular work. If the heart’s action becomes 
insufficient during exercise, the blood-pressure falls.® 

The ‘‘hopping exercise,’’ as previously described, was used in the 
author’s study. The systolic pressure in the group of 124 normal cases, 
measured 30 seconds after the completion of the exercise, with the patient 
seated, had risen an average of 21 mm. in the group of normal cases on 
change from the previous sitting position (Fig. 13). The largest num- 
ber showed a rise of between 6 and 30 mm., the highest rise being 
60 mm. in one case. In three cases only was there a fall of systolic 
pressure of 4, 5 and 9 mm. of mercury respectively. 

The diastolic pressure, 30 seconds after exercise, had fallen an aver- 
age of 4 mm. on change from the previous sitting posture. A slight 
fall of diastolic pressure was the usual finding, although a rise of 10 mm. 
or less occurred in a number of cases. In one case the diastolic pres- 
sure rose 25 mm. The pulse-pressure increased considerably with the 
exercise. 

The systolic and diastolic pressures and the pulse-pressure gradually 
returned to almost the normal within about two minutes following the 
cessation of the exercise. Table 1 (page 196), entitled ‘‘ Functional 
Capacity of the Circulation in Neurocirculatory Asthenia,’’ presents the 
form in which our data were collected. 

(c) Statr-cluymbing Test of Selig.—In the healthy cases tested by Selig, 
the blood-pressure rose an average of 8 mm. after work, and the outlines 
of the heart and the position of the apex beat remained unchanged. In 
his cases with heart disease the blood-pressure rose an average of 10 mm. 
of mercury. However, in some of these cases with valvular defects, the 
climbing of as high as 2000 steps often did not fatigue, whereas in the 
eases of myocardial weakness, even a very few steps were at times 
fatiguing, and these showed a dilated heart after light work. 

(d) Herz’s Gymnastic Resistance Test—Herz suggested another test 
in which the change of blood-pressure after resisted movements is sup- 
posed to indicate the functional reaction of the heart. 

The patient is seated and executes movements of flexion and ex- 
tension of the forearm or abduction and adduction of the thighs, or 
separation and approximation of the extended lower limbs. These 
motions are controlled by resistance exerted by the examiner. 

The blood-pressure is taken while at rest and then after each of the 
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The complete series of observations were made by the author in practically all the 
cases. 
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various forms of resisted movements, The normal change of blood-pres- 
sure as a result of the exercise is not more than 10-15 mm. of mercury. 

In eases of decompensated circulation the difference in blood-pres- 
sure may reach 20-30 mm. This test is crude and indefinite. The limits 
of the normal variation are not exact and the vasomotor influence is 
so great proportionately that the test is not serviceable to indicate a 
deficiency of cardiac motive force. 

(e) Katzenstean Test.—Marey and Weber have found that the blood- 
pressure increases after ligation of a large artery, such as the femoral 
or iliac, or after compression of the‘abdominal aorta in laboratory experi- 
ments.®* If we increase the peripheral resistance by suddenly diminish- 
ing the vascular field, a marked rise in blood-pressure occurs. The heart 
normally does not increase in rate but there occurs an increase in the 
ventricular output, the strain falling directly upon the left ventricle—- 
corresponding to the second form of heart reaction before described (see 
page 138). 

Experimentally, hypertrophy of the ventricle takes place. In weak 
animals, however, the heart does not stand the increased strain and 
dilates, the animal dying of heart-failure. 

This principle is used by Katzenstein as a test of the heart func- 
tion.*? The patient lies quietly in the recumbent position. The pulse- 
rate and blood-pressure are carefully taken. Both iliac arteries are then 
compressed digitally by an assistant for 2-214 minutes, although Katzen- 
stein advises compression even up to 5 minutes. Compression may be 
made by an Esmarch bandage, or, according to Merelli, by an inflatable 
rubber cuff.® 

Katzenstein deducts the following standards from his clinical studies 
and animal experimentation: 


1. In normal compensated hearts, after compression of the iliac 
arteries, the blood-pressure rises 5 to 15 mm. of mercury and the pulse- 


rate falls. 
Z PULSE RATE 
B. P. ag 


Fig. 14. 


2. In hypertrophied compensating hearts, the blood-pressure rises 
15-40 mm. mercury, and the pulse-rate falls or may remain unchanged. 


Fia. 15. 
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3. In beginning decompensation the blood-pressure remains un- 
changed while the pulse-rate increases. 


B.P ————> ‘pn. 
Fig. 16. ; 


4, In cases of cardiac decompensation the blood-pressure falls while 
the pulse-rate increases considerably. 


PN Zo 


Fia. 17. 


Pain is sometimes produced by the digital pressure reyuired to 
obliterate the femoral or iliac pulse. The psychic influences here are 
particularly disturbing and the pain may of itself cause variations of 
pulse-rate and blood-pressure. 

Levy has corroborated the findings,®® but several clinicians could not 
carry out the test extensively because of pain caused by digital 
pressure.*® 

Recently Elliott reported observations on the effect of partial and 
complete occlusion of bleod-vessels on the general blood-pressure in 
man.”° He found that annular compression of the thighs causes a rise in 
blood-pressure, larger and more immediate the higher the point of com- 
pression. This is due to the increase in arterial resistance produced by 
diminishing the available capacity of the arterial system. The heart- 
rate is somewhat slowed. Decompression of the thighs causes a fall 
in blood-pressure, more immediate and more steep than the previous 
rise. The heart-rate is then somewhat accelerated. 

There was no evidence that compression of an arm, as in making 
blood determinations on man with the aid of a sphygmomanometer cuff, 
produces any effect on general blood-pressure. 

These results have been further substantiated in a case of femoral 
arteriovenous aneurysm, Closure of the communication between the 
femoral artery and vein produced a tremendous rise of blood-pressure 
and a slowing up of the pulse-rate. Opening it, of course, had the oppo- 
site effect. The slowing of the heart-rate may be induced directly by 
the increased blood-pressure. 

Norris made investigations with the Katzenstein test and found in 
general confirmatory results." In many cases, other factors were neces- 
sary to form a fuller opinion of the heart’s efficiency. He felt that the 
test was not absolute, but that it was of some value as a corroborative 
observation. 
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It is of interest that Katzenstein used the test to determine the risk 
and prognosis of anesthesia and surgical procedures on his cases. He 
found that an abnormal reaction to the test should interdict general 
anesthesia or major operations, 

(f) Epimephrin Functional Test of the Heart.—Epinephrin induces 
vasoconstriction, which raises the blood-pressure, thus throwing extra 
work on the heart. The sound heart responds with energy, and roent- 
genoscopy shows slight if any change in the outline of the heart an 
hour later. A weak heart dilates at once and the dilatation persists 
for some time. This indicates weakness of the myocardium, either of 
the muscle itself or its innervation, simple exhaustion or a valvular 
lesion. The dilatation is most pronounced with mitral disease. With 
aortic insufficiency, the aorta may become dilated under the epinephbrin 
test while the apex region shows no change. 

The test dose of epinephrin is 1 mg., and the subject has to keep 
absolutely still, against the table used in the test. The roentgenoscopy 
is repeated three times at half-hour intervals; the findings at one hour 
are the criterion. The normal heart shows a very slight shrinking of 
the outline after an hour and a half, testifying to the secondary con- 
stricting action on the musculature of the heart. 

Loeper 7? and his co-workers studied 100 cases before and after 
administration of epinephrin. The response may vary with the amount 
of epinephrin already circulating in the blood, also with the degree 
of arteriosclerosis that may be present, and with other conditions. The 
response may thus vary widely in different positions and in the same 
person at various times. But combining the test with careful investi- 
gation of the pulse and blood-pressure, before and after, provides an 
important means of estimating conditions in the cardiovascular appa- 
ratus with reactions similar to those in the Katzenstein test. 

Meek and Eyster ‘** observed that the intravenous injection of 
epinephrin normally causes a decrease in heart-rate. Its action is two- 
fold, accelerating the heart by direct stimulation and inhibiting it 
reflexly through the vagus, but the net result of this balanced mechanism 
is normally a decrease in pulse-rate. 

(g) Graupner’s Test.—Graupner’s test 7* for estimating the func- 
tional capacity of the heart depends upon the principle that the reaction 
of the weakened heart to a measured amount of work differs from the 
reaction of the normal heart. In this test a definite amount of work is 
executed by a group of muscles measured by a Zuntz ergometer, and 
blood-pressure estimations are made before, during and after the work. 

Graupner reached the following conclusions: 

(1) A moderate amount of work, in normal hearts, will cause a rise 
of blood-pressure after the work. This either promptly returns to nor- 
mal or remains constant at the higher level for a period, but does not 
fluctuate and gradually returns to normal. 

(2) The greater the amount of work done, the higher the rise of 
blood-pressure, and the quicker the return to normal, the more efficient 
is the myocardium. 
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(3) A sinking of the blood-pressure after muscular exertion, declin- 
ing from the start, or even a very slight rise after work of about 10 mm. 
mercury, which falls again almost immediately to below the original 
point is evidence of incapacity of that heart for that amount of work. 
This indicates physiological or functional insufficiency. 

(4) If the blood-pressure remains high for a period after the work 
and then suddenly falls, it is evidence of overstrain or fatigue. 

(5) If the blood-pressure after work is lower than normal and then 
slowly returns to normal but does not rise above normal, a primary 
myocardial weakness exists. This reaction is characteristic of myo- 
cardial insufficiency. 

Graupner’s test depends upon the fact that the ventricle reacts to 
muscular work which at first increases the blood-pressure. If thé ven- 
tricle proves unequal to the task of maintaining the pressure, there 
occurs a compensatory increase in pulse-rate but a fall in blood-pres- 
sure. 

(h) Barringer’s Test of the Functional Capacity of the Circulation. 
—Arno Lehndorff showed experimentally in 1908 that stimulation of 
the splanchnics produces their contraction with increase of blood-pres- 
sure to a varying degree. If the heart’s action becomes insufficient, 
however, the blood-pressure falls. With the recovery of the heart’s 
contraction, the pressure rises again.** 

Recently Barringer described a test of heart function, using Graup- 
ner’s method of making frequent readings of the pulse-rate and systolic 
blood-pressure after a measured amount of work, and clinically obtaining 
Lehndorff’s experimental results in insufficiency of the heart.” 

The theoretical considerations upon which his test depends, as Bar- 
ringer presents them, are as follows: 

Muscular work increases the CQO, content of the blood. This stimu- 
lates the nervous centers controlling the suprarenal glands. An in- 
crease in the adrenalin content of the blood is thereby produced, which 
causes a constriction of the vessels in the splanchnic area and a re- 
sulting rise in blood-pressure. The quickened heart-rate accompanying 
muscular work causes an increase in the quantity of blood discharged 
by the heart per minute and this also contributes to the rise in blood- 
pressure. 

The systolic pressure during work, therefore, mounts rapidly and 
the left ventricle finds it more and more difficult to expel its contents 
against this increasing resistance. At a certain height of aortic pres- 
sure the ventricle probably does not empty itself completely and a 
steadily increasing volume of blood remains in the heart after each 
systole. In other words, an insufficiency exists. At this moment the 
roentgen ray would possibly show a heart decidedly increased in size. 
If the work stops, the CO, content of the blood falls, the activity of 
the suprarenal gland decreases and the splanchnic vessels relax. The 
blood-pressure, therefore, begins to fall. But the heart now works more 
efficiently against the lowered aortic pressure and expels a larger quan- 
tity of the increased residual blood at each stroke until it finally 


166 FUNCTIONAL DIAGNOSIS 


empties itself completely with each systole. The increased quantity of 
blood which the recovering heart thus throws into the aorta more than 
compensates for the lowered pressure. The pressure, therefore, again 
rises briefly, and this delayed rise of blood-pressure after the cessa- 
tion of muscular work is the significant point in Barringer’s test. 

When the work stops, if the heart is much dilated, it probably re- 
quires a short time to reach its maximum efficiency to expel its in- 
creased content and there results a slowly mounting blood-pressure. 

Technic.—Graduated work is furnished by movements of flexion, 
extension and swinging with iron dumb-bells weighing from 3 to 20 
pounds each. These afford a practical means of furnishing graduated 
work for testing the heart functioning capacity. Computation of the 
amount of work performed through dumb-bell exercises is made accord- 
ing to the following example: If a 5-pound dumb-bell is extended up- 
ward from the shoulder through 2 feet to arm-length, 10 foot-pounds 
of work is performed with each extension. With a 10-pound dumb-bell 
20 foot-pounds, or twice as much work, would be performed in the same 
space of time. 

The clinical experiments reported by Barringer indicate that in 
blood-pressure reactions to graduated work we possess a valid test of 
the heart’s functional capacity as far as it can be measured at the 
present time. If the systolic blood-pressure reaches its greatest height 
not immediately after work, but from 30 to 120 seconds later, or if the 
pressure immediately after work is lower than the original level, that 
work, whatever its amount, according to Barringer, has overtaxed the 
heart’s functional capacity and may be taken as an accurate measure 
of the heart’s efficiency. 

Discussion.—A possible error in making the readings lies in the fact 
that the auscultatory systolic blood-pressure is greater in expiration 
than in inspiration. In cases of asthma the writer found it to be as much 
as 12 mm. mercury higher during expiration than inspiration. 

Another difficulty, which applies, however, to some of the other 
methods as well, lies in the determination of delayed rises in cases of 
auricular fibrillation. Here the blood-pressure variations represent the 
varied amounts of diastolic filling of the left ventricle.’® 

This, like the other tests based upon blood-pressure findings, omits 
a very important factor which in life has an effect upon the cardiac 
efficiency. That is the psychic and nervous influences which are ac- 
countable for a great deal of what we call heart-strain. In actual life, 
the situations are not so simple as the lifting of a dumb-bell under a 
physician’s direction. The complex-processes of life call for cardiac 
reaction to visual and auditory stimuli and other sensations not meas- 
urable in terms of physical work. For example, while crossing a road, 
the sudden approach of a vehicle or a cry will startle the patient. 
One cannot estimate in foot-pounds of work the effect the excitement 
has upon the heart, and until we can translate the indefinite effects into 
numerical data, the problem of the heart’s functional capacity with 
the exactions of ordinary living will be only incompletely solved. 
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Barringer found that the delayed rise in systolic blood-pressure was 
obtained after large amounts of work which varied normally according 
to the subject’s physique and condition of muscular training. 

In a recent study of Barringer’s method in a military hospital in 
London, Rapport asserts that Barringer’s method of ascertaining the 
shape of the blood-pressure curve excludes the variations which occur in 
the fractions of a minute following accomplished exercise. He states 
that the variations of pulse-rate and blood-pressure may be an exact 
expression of real events, but do not indicate the capacity of the heart to 
do work.” 

Mann studied the circulatory reactions of ten patients convalescing 
from acute infectious disease by means of Barringer’s method. He found 
that during the progress of convalescence there was a progressive increase 
in the amount of work necessary to produce a ‘‘delayed summit.’’ This 
was synchronous with the clinical and subjective improvement, thus 
corroborating the value of the test.”® 

The writer’s findings with this test are reported under the heading, 
Tests of the Functional Capacity of the Circulation in Special Diseases 
(p.191). 

IV. Test of Efficiency of the Right Heart.—1. Mersonps or Dsz- 
TERMINING VENOUS PREssURE.—In the clinical study of venous blood- 
pressure, the veins of the hand and forearm lend themselves most easily 
for observation. Venous pressure serves as an index of the accumulation 
of the blood in the systemic circulation and indirectly therefore of right- 
sided heart-failure. 

As early as 1897 von Frey suggested a method of measuring the 
venous blood-pressure.”” He describes a small bracelet with a lever placed 
over the vein and pressure exerted on the lever. The venous pressure 1s 
considered equal to the amount of pressure required to retard or stop the 
venous return. This method appears to be inaccurate. 

In making a venous blood-pressure estimation, it is necessary, as 
has been recognized by all the workers in this field, to have the vein or 
veins under observation at the level of the heart. If this is impossible 
it is then necessary to correct the reading for the force of gravity thus 
brought into play. Levels above the heart decrease and those below the 
heart correspondingly increase the reading. The venous blood-pressure, 
for example, in the forearm or the hand hanging at the side, is greater 
than it would be when the forearm or hand is placed at the level of the 
heart. The costal angle, as suggested by von Recklinghausen, has been 
the point chosen as marking the heart level.8° This landmark is espe- 
cially appropriate as it localizes the right heart which is such an impor- 
tant factor in the maintenance of venous blood-pressure. 

Gartner determined the venous pressure by considering it equal to 
the height above the angle of Ludwig at which the veins of the hand 
could be seen to collapse.** Normally, in the standing or sitting posture 
the veins collapse when raised to the level of the third, fourth or fifth 
rib. In cases of right heart-failure with overdistension of the right 
auricle, the arm has to be raised to the level of the clavicle or even higher. 
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The author calls this the gravity method because it depends for its 
explanation on gravimetric principles. It is therefore serviceable in 
extreme cases where the right heart is overfilled. According to Schott, 
if the arm is raised to an angle of 60 degrees, the normal rise in venous 
pressure does not exceed 3 cm. Any reading above this denotes cardiac 
insufficiency.§? 

Von Basch made a practical advance on this method, using air- 
pressure, and making it possible to take the readings in cms. of water 
through a glass cylinder placed over the veins.** The error here was 
considerable, the variant being the amount of pressure with which the 
cylinder was applied. 

Von Recklinghausen ** and later Eyster and Hooker ® used direct 
compression of the veins by air to determine the intravenous pressure. 
Von Recklinghausen substituted a rubber chamber with three openings. 
One of these was placed over the vein, another was covered by a glass 
through which the vein could be viewed, and through the third air could 
be introduced and the pressure measured on a water manometer. The 
point at which the vein is seen to disappear indicates the intravenous 
pressure. 

Moritz and Tabora introduce a cannula into a vein at the elbow and 
connect it with a capillary manometer containing sterile normal saline 
solution.*® The solution is allowed to run into the vein to a level below 
which it will not fall. This level above the plane of the cannula is 
taken as the reading of the intravenous pressure. In other words, the 
pressure which is just insufficient to cause a further passage of fluid 
from the manometer into the vein is read; as the fluids within the vein 
and the manometer are in equilibrium at this point, this reading is, of 
course, the venous pressure. 

The normal venous pressure determined by the method of von Reck- 
linghausen is 5-10 em. H,O (4 mm. Hg.). These figures agree well with 
the direct manometric determination of Moritz and Tabora. Changes in 
pressure in the systemic veins, which show how well the right ventricle 
is pumping, often afford an excellent index of the break in systemic 
compensation, rising from the normal pressure of 5-10 em. H,O to a 
height of 20-25 em. It usually rises as the patient’s condition becomes 
worse and falls as improvement sets in. In cases of heart disease the 
pressure may rise to 27 cm. of water. 

Howell described a newer method for clinical use to determine the 
venous blood-pressure.*” He applies the cuff used in making ordinary 
blood-pressure readings to the arm and another similar cuff patterned to 
fit the tapering forearm, made of light rubber tissue with a light inelastic 
covering. Each of the two cuffs is connected with a separate water 
manometer. A slight pressure, say of 3 cm., js introduced into the lower 
cuff that it may the more accurately fit the forearm without affecting the 
intravenous pressure. The upper cuff is then inflated, causing constric- 
tion of the arm and, therefore, swelling the veins in the forearm. This 
increase is registered in the manometer attached to the lower cuff. The 
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pressure required in the upper cuff to cause the first rise in the 
manometer of the lower cuff is the venous blood-pressure. 

The average venous pressure in normal cases, Jooked on from a 
cardiovascular standpoint, is 7.6 em. of water. Hooker has recorded 
observations on the venous blood-pressure in normal individuals at 
different ages and found a progressive increase with age, from about 
10 em. of water in the second decade, to 26 em. between the ages of 75 and 
85 years.” 

2. BREATHING TEsts (The Valsalva Experiment—The Russian Test 
—‘‘Holding the Breath’’ Test).—In carrying out any exercise involving 
muscular strain, the individual involuntarily closes his glottis and 
executes an attempt at forced expiration. 

The result of this is a tremendous increase in intrathoracic pressure 
which hinders the outflow of blood from the right ventricle as well as the 
inflow into the right auricle. 

The result of these two factors is dilatation of the right ventricle and 
stasis in the systemic veins. This is shown by cyanosis of the face and 
distension of the veins that accompany all such exercises, even in trained 
athletes. 

The high pressure within the lungs stimulates the sensory endings 
of the vagus which in turn reflexly stimulate the motor nucleus of the 
vagus and the vasomotor center in the medulla and cause both slowing of 
the pulse and rise of blood-pressure. 

Forced expiration with closed glottis is a test applicable clinically. 
The patient takes a deep breath and then follows a period of apnea for as 
long a time as possible. This results in an increase in CO, and decrease 
in O, in the venous blood and in a rise in the venous pressure, often to as 
high as 20 mm. mercury. 

Voluntary apnea, with a normal right heart, should be endurable a 
certain length of time, and lessened time of endurance would indicate 
right-sided cardiac insufficiency. Dyspnea resulting from toxic causes, 
as in the infectious diseases, or from mechanical causes, as in pleural 
effusion or ascites, would naturally invalidate this test. 

According to Cooper, in normal individuals the breath may be held 
In Inspiration from 40 to 70 seconds; in expiration from 20 to 35 seconds 
40-70 
20-35 ~ 
though the periods are shortened, i.e., - In bronchial asthma the 
breath can be held longer in expiration than in inspiration and the 
ratio 1s reversed aad It seems probable that this ratio will prove 
of great value in differentiating between attacks of bronchial asthma and 
asthma due to acute failure of the left ventricle.*® 

V. The Polygraph—A fuller and deeper knowledge of the mecha- 
nism of the circulation was promised by the development of the poly- 
graphic method. The polygraph simultaneously records tracings of the 


In patients with cardiac insufficiency this ratio is preserved, 
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arterial and venous pulsations in the neck as well as the movements of 
the apex of the heart, and of the pulsating liver. 

Many instruments have been devised for recording the movement of 
the heart and the pulsations of the arteries and veins, but for practical 
clinical purposes the three most serviceable are a modification of the 
Dudgeon sphygmograph, Von Jacquet’s sphygmograph and the ink- 
polygraph of Mackenzie. The latter is the ost commonly used appa- 
ratus. It consists of two tambours (B) with pen levers (F). The 
tambours are connected by rubber tubing to two cups, one covering the 
radial artery (C) and the other to be placed over the jugular bulb, apex 
of the heart or any other point from which pulsations are to be traced 
(E). The two pens come in contact with a moving roll of paper (D) 





Fig. 18.—THE INK-POLYGRAPH OF MACKENZIE, 


and record their movements upon it. At the same time a small pen (F-7) 
is attached to a clock-work mechanism in the apparatus and serves to 
mark time on the paper in fifths of a second. The illustration may be 
elucidative of the details of the apparatus. (See Fig. 18.) 

1, INTERPRETATION OF THE SPHYGMOGRAPHIC TRACINGS.—The sphyg- 
mogram represents the variations in pressure occurring within the vessel 
wall, magnified in some degree by the mechanism of the sphygmograph. 
It records the rate and rhythm of the heart, and yields information 
concerning the heart-beat. The sphygmogram is of great assistance in 
analyzing the tracings of the pulsations obtained from the veins in 
the neck. From it we can determine the period during which the aortic 
and pulmonary valves are open—the sphygmic period (E in Fig. 9). 
This begins with the upstroke of the arterial tracing and ends at the 
dicrotic notch. 

The study of the jugular pulse reveals information concerning the 
movements in the heart, especially the effects of the systole and diastole 
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of the right auricle and of the systole and diastole of the right ven- 
tricle. The jugular bulb is part of a venous cistern (see Fig. 19) and 
consequently, tracings obtained from this bulb represent the fluctua- 
tions in the pressure of the blood contained within the cistern. The 
cistern is formed by the superior vena cava, the innominate, iliac, hepatic 







int. jugular / j int ug. vein 
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f ae 
Fig. 19.—D1aGRaM OF THE VENOUS CISTERN FROM WHICH THE Heart Is FILLED, As 

SEEN IN A MAN AGED FIFTY-FIVE, IN WHOM THE PERICARDIUM Was DISTENDED 

AND THE HEART COMPRESSED BY A LARGE EFFUSION OF FLUID. 

The abdominal or infradiaphragmatic part of the cistern is indicated in black; 
the thoracic or supradiaphragmatic is stippled. The heart is compressed upward 
and backward against its attachments. (Keith.) 


and renal veins; it is shut off from the venous system of the lower 
extremities by strong valves situated in the common femoral veins, from 
10-25 em. below Poupart’s ligament, from the venous system of the 
upper extremities by equally strong valves in the subclavian vein, from 
the venous system of the head and neck by the valves above the jugular 
bulb. 

A combined tracing of the movements in the carotid artery and 
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Fig. 20.—NoORMAL CERVICAL TRACING, WITH a-c-v SEQUENCE. 
Simultaneous radial tracing. 


jugular vein would, therefore, reveal the variations of pressure (1) 
within the auricle, (2) within the ventricle and (3) within the aorta. 
The normal cervical tracing presents a series of waves in the follow-' 
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Fig. 21.—Dicrotic PULSE. 
The dicrotic wave is so great as to resemble a premature pulse-beat. 


ing sequence (see Fig. 20). First, the wave ‘‘a”’ is due to auricular 
systole. This is followed by the wave ‘‘c,’’ due to ventricular systole 
and distension of the carotid artery. After this a wave ‘‘v’’ takes place, 
which is the result of the filling of the auricle and the increased pressure 


MAAR RAR AARA 
Fia. 22.—PuLsus CELer. (Water-hammer pulse. ) 


From a case of aortic regurgitation. In very low arterial pressure, the dicrotic 
notch occurs at a very low level in the tracing. Its height is a more certain guide 
to the arterial pressure than the character of the systolic wave. 
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in the jugular vein. The negative phase ‘‘x’’ which follows the ‘‘c’’ 
wave represents the diastole of the auricle as it is receiving blood from 
the veins. A negative phase (‘‘y’’) follows later when the tricuspid 
valves open. The wave ‘‘v’’ is increased by all factors which tend 
towards the more rapid filling of the right auricle: it is immaterial 
whether the blood comes from the vein or from the right ventricle. 

From the functional point, therefore, we may take it that the earlier 
‘$y’? begins in the phase ‘‘x,’’ the greater is the engorgement of the 
auricle. 

The a—c interval is one-fifth of a second and is almost constant in 
normally acting hearts. It represents the interval between the beginning 
of auricular systole and the opening of the aortic valves, or ventricular 
systole. 

By means of the polygraphic tracings all those irregularities of the 
heart with variations in the rate and quality of the pulse, discussed 
earlier in the chapter, are ideally revealed. In this way is the poly- 
graphic method of invaluable service in the estimation of the heart’s 
functional state.*° 

The figures are briefly discussed in the respective notes and will 
serve to illustrate the value of polygraphic tracings in the study of heart 
function (Figs. 21-24). 

2. THE EFFEcT oF CoUGH UPON THE CURVE OF THE SPHYGMOGRAM 
AND Its FUNCTIONAL SIGNIFICANCE.—It is evident that the changes of 
blood-pressure are reflected in the curve of the arterial tracing. The 
level of the arterial curve is also affected by other influences, such as 
muscular contractions, while the tracing is being taken, and the vagus 
influences of respiration. Besides these, the mechanical conditions under 
which the tracings are made will alter their shape. It has been shown 
that compression of an artery will cause the pulse below to become more 
prominent up to a certain degree and then the wave will fall to a lower 
level. 

A consideration which must be discussed before entering upon the 
discussion of the effects of cough upon the pulse tracings is the effect of 
voluntary muscular contractions of the forearm and the changes of the 
radial pulse produced by them. <A tremor of the hand or of the muscles 
of the forearm would give the picture of a tremogram superimposed upon 
the curve of the radial wave. Sudden coarse muscular contraction would 
produce an elevation anywhere in the course of the figure, but would 
not otherwise affect the general shape of the pulse waves preceding or 
following. 

In a case of degeneration of the heart muscle in a syphilitic patient, 
who also had a right bundle-branch lesion, the writer noted a particular 
effect of coughing upon the shape of the radial pulse wave. It was 
constant in his case and an analysis of the tracing shows that the change 
of curve bore a relation to the blood-pressure effects induced by the strain 
of coughing. The cough exaggerated the graphic evidence of alternation 
and altogether affected the curve more than in normal cases. The 
susceptibility of the radial curve to marked variations after coughing 
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is an indication of marked myocardial degeneration. In the case 
cited, the ideal condition existed for the test, inasmuch as the loss of 
tonicity of the musculature of the left ventricle was extreme, asso- 
ciated with complete destructive lesion of the right branch of the bundle 
(Fig. 25). 

3. THE CARDIOGRAPHIC EVIDENCE OF Loss oF TONICITY OF THE 
Heart Muscie.—The impulse of the apex of the heart produces a graphic 
curve which varies slightly in shape in different individuals. It is most 
frequently a trapezoid, presenting an elevation to a varying length 
and then a slight fall to a plateau, which turns abruptly to the base 
line. (See Fig. 26.) Von Martius identifies various points of the curve 
with events in the heart-cycle: (1) The beginning of the presphygmic 
period, in which all the valves in the heart are closed. This is the 
point at which a shock is felt on palpation, caused by the sudden hard- 
ening of the ventricular muscle. (2) The systolic expulsion of the 
blood, beginning with the opening of the semilunar valves. This corre- 
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Fig. 25.—Errect of COUGHING UPON THE RADIAL TRACING IN A CASE OF MARKED 
MYOCARDIAL DEGENERATION. 


sponds to the thrust due to the pressure of the apex of the left ventricle 
against the chest wall. (3) The closure of the semilunar valves. The 
triangular and pointed apex curves are not quite aS common as the 
trapezoidal form, but the shape of the curve will necessarily vary with 
hypertrophy of one or the other ventricle, with the type of endocardial 
lesion, with the shape of the chest, and the state of emphysema of the 
lungs.®? 

Up to the present time, but one important change in the cardiogram 
has been known to have pathological significance; that is, the change 
from a positive to a negative cardiogram. In these cases, instead of the 
eardiographie curve rising above the abscissa, it presents a fall, corre- 
sponding to a drawing in at the time of the apex-impulse. Negative 
curves of this character obtained over the lowest and outermost portion 
of the apex-impulse indicate hypertrophy of the right ventricle. 

Similar negative curves may be obtained from the right side of the 
apex-beat and are usual when the apex impulse is due directly to the 
right ventricle, due to its hypertrophy, i.e., when the lowermost and 
outermost portion of the apex-beat is caused by the systole of the right 
ventricle. 

Occasionally a slight elevation precedes the apex-impulse and is 
attributable to the auricular contraction, forcing blood into the ventricle. 
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Fig. 26.—CaRDIOGRAPHIC CURVES, REPRESENTING THE DIFFERENT FORMS OF THE 
APEX BEAT. 


Showing apex beat (A), radial wave and wave due to auricular systole (a). 
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This elevation is normally slight, rising gradually to a point from which 
the sudden impulse due to the apex-beat springs. In the negative 
cardiogram the auricular wave may be present as a slight elevation 
terminating in the descending wave of the cardiogram. 

Normally the wave caused by the auricles discharging their contents 
into the ventricles may be absent or may present itself only as a slight 
elevation just preceding the systole of the ventricle. The resistance to the 
auricular current offered by the wall of the ventricle is analogous to that 
offered by contracted arteries to the systole of the heart.*” 

There are two important factors which would have the effect of 
increasing the size of the wave due to auricular systole: (1) Relative 
hypertrophy of the auricles with increase in the force of the impulse and 
(2) loss of tonicity of the ventricles with dilatation and thinning of 
their wall. 

(1) Relative hypertrophy of the auricles, especially of the left side, 
is induced by obstruction to the flow of blood into the ventricles, most 
typically and markedly in stenosis of the mitral valve. 

With reference to the wave ‘‘a’’ of the cardiogram in cases of mitral 
stenosis it shows itself as a thrill or series of waves at the beginning of 
systole, and not as a distinct single impulse. Besides, the clinical features 
of the condition are very apparent, and are not to be mistaken for the 
condition in which there occurs also a characteristic cardiogram. 

(2) This condition is the loss of tonicity of the ventricular muscle. 
This influences the prominence of the ‘‘a’’ wave in the curve of the 
cardiogram. Depression of tonicity of the ventricular muscle is usually 
manifested by dilatation of the heart with thinning of the walls of the 
ventricles. The heart lies frequently markedly dilated against the chest 
wall. Its impulse is diffuse, feeble, and electrocardiographically it may 
present evidence of degenerative changes in the myocardium, It is in 
such cases that one obtains the alternating form of pulse, so significant of 
myocardial disease. 

Together with this evidence and the effect of cough upon the form 
of the radial curve (above described), the other significant and charac- 
teristic feature is the presence of a prominent and distinct ‘‘a’’ wave 
in the cardiogram. The characteristics of the ‘‘a’’ wave are typical 
of low tonicity of the ventricular muscle. The rise of the ‘‘a’’ wave 
is abrupt, the curve of filling is steeper than normal. The impulse 
due to auricular contraction rises to a maximum and falls when the 
ventricle is partially filled, indicating that it was the low tonicity of 
the wall that permitted the transmission of the wave through the 
chest wall. 

This is well illustrated in Fig. 27, in which the typical cardiogram is 
associated with pulsus alternans, and in which case the electrocardio- 
gram showed marked widening of the Q-R-S interval, indicating intra- 
ventricular or arborization block. 

It is, however, important to realize that cardiograms vary greatly, 


and many of them are difficult to analyze. Much has yet to be done 
VOL, I1.—12. 
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before a decided opinion can be given as to the exact meaning of some 
of these records. In cases of myodegeneration, however, the apex-beat 
may prove of some service, as it would present a prominent ‘‘a’’ wave 
without evidence of mitral stenosis. 

VI. The Electrocardiograph and Its Value in Functional Diagnosis. 
—Every muscular action in the body is accompanied by the generation 
and conduction of an electric current. The human body may therefore 
be regarded as a battery with the two arms and the two legs as its natural 
and convenient poles. When the body is at rest, the predominating 
electrical current is that associated with the contraction of the heart 
muscle. 

If now, with the body at rest, the two hands, or one hand and one 
foot, are connected by wires into a circuit, with a very sensitive gal- 





Fig. 27.—TyPICAL CARDIOGRAM IN CASE OF MARKED MYOCARDIAL AND SUBENDOCARDIAL 
DISEASE OF LUETIC ORIGIN. 
This patient showed bundle-branch block, widening of the Q-R-S interval and 
pulsus alternans. Note prominent ‘‘a’’ wave in the cardiogram. 


vanometer between them, each time that the heart beats the needle of the 
galvanometer will be deflected to one side or the other, depending upon 
the direction of the current; and the extent of its deflection will be 
proportionate to the amount of current and the difference in potential 
between the two poles. Not only will the galvanometer needle be 
deflected each time that the heart beats, but it will be deflected with the 
auricular contraction first and then with the ventricular contraction 
separately. A graphic record of the deflections can be obtained by 
photographing the movements of the needle on a moving film. 

Einthoven of Leyden invented a galvanometer which is exceedingly 
sensitive to very minute electrical currents or differences in potential.®* 
It consists of a fine quartz or platinum thread suspended vertically in 
an electromagnetic field. Its ends are connected by wires to the poles 
of the body to be examined. When the current from the body passes 
through the thread, it is attracted to one or the other side of the magnetic 
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field. This thread is magnified by a powerful lens and is illumined by a 
powerful arc-lamp. Its shadow is focused on a camera in which it is 
photographed on a moving film. 

By this method it is possible to study very small currents. The 
electric variations accompanying the cardiac action have an intensity of 
from 1 to 3 millivolts. The current is led off to the string in three 
directions—Lead I contains the right hand and the left hand in the 
eircuit, Lead II the right hand and left foot, and Lead III carries the 
current from the left hand and left foot. The current from the body 
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Fig, 28.—D1a@RaAM SHOWING THE TIME RELATIONS BETWEEN THE WAVES OF THE 
ELECTROCARDIOGRAM, THE HEART SOUNDS AND THE CONTRACTIONS OF AURICLES 
AND VENTRICLES. (Barker, Hirschfelder and Bond, in Journal of the Ameri- 
can Medical Association. ) 


Vertical divisions indicate tenths of a second. 


enters the string at its upper end. An electrocardiogram is obtained 
from each of the three leads in cases studied. 

1. INTERPRETATION OF THE ELECTROCARDIOGRAM.—The normal elec- 
trocardiogram consists of a series of waves, the result of auricular and 
ventricular activity. (See Fig. 28.). As can be seen, the first wave is 
small and is due to the activity of the auricle—designated by Einthoven 
the P wave. This is followed by a very small depression of the curve 
below the base line, and is called the Q depression. Then comes a series 
of waves due to the action of the ventricles; a large wave R which rises 
suddenly and falls to below the base line (the S depression), and finally, 
a second smaller wave T which occurs during the middle of systole. 

Observations made by Lewis and Gilder indicate that certain clinical 
valvular conditions cause more or less typical changes in the form of the 
waves of the electrocardiogram.** 

In mitral stenosis the average curve in Lead I shows a diminution of 
R and increase of S; in Lead III it shows a conspicuous increase of R 
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and a decrease of S, as compared to the normal. This is the sign of right 
ventricular preponderance, as shown by Einthoven. The right side of the 
heart may be so predominatingly hypertrophied as to cause an actual 
inversion of R below the base line in Lead I. 

In aortic cases, on the contrary, the picture is reversed. In Lead I, 
R is increased and S diminished, while in Lead III, R is diminished 
and § is increased. In more marked hypertrophy, R in Lead III is 
inverted below the base line. These changes constitute the sign of left 
ventricular preponderance.*® 

Defects of conduction are clearly shown by the electrocardiogram 
and a reference to the accompanying figures will show the electrocar- 
diographiec evidence obtained in a wide variety of cases (Figs. 29-32). 

2. ELECTROCARDIOGRAPHIC CHANGES ASSOCIATED WITH MYOCARDIAL 
INVOLVEMENT.—What is probably the most important advance in the 
interpretation of the electrocardiograph with particular reference to the 
estimation of myocardial involvement and prognosis has recently been 
made by Oppenheimer and Rothschild and reported by them from the 
Cardiographic Laboratory of Mount Sinai Hospital. The author will 
quote freely from their publications on the subject. 

‘The normal electrocardiogram is to be considered the result of the 
passage of an impulse at a normal velocity through the usual channels, 
that is, node of Tawara, main stem, bundle branches and arborizations, 
which consist of the so-called Purkinje fibers. The latter form a network 
covering practically the entire endocardial surface of the ventricles. 
The velocity of the impulse through Purkinje fibers is at least ten times 
faster than its rate through ordinary ventricular musculature. The 
impulse reaches the ventricle normally through the Purkinje fibers, 
stimulating the ventricular walls practically as a whole. 

‘‘It is conceivable that the passage of this impulse may be hindered at 
any point in the conducting system. 

‘*A lesion only partly involving either bundle branch, or an extensive 
lesion of the arborizations of a branch such as occurs in human pathology, 
would cause a delay in the transmission of the excitation wave to the 
area supplied by the damaged conduction fibers. Such a lesion, if 
sufficiently extensive, should give observable changes in the electro- 
cardiogram, and it is probable that these changes will be distinguishable 
from the changes that are produced by most other cardiac abnormalities. 

‘*By intraventricular block we mean any delay in conduction below 
the main stem of the bundle of His. Intraventricular block includes 
(1) bundle-branch block, and (2) arborization or Purkinje block, by 
which we mean interference with the conduction beyond the two chief 
branches of the bundle of His. 

‘‘This disturbance of conduction may be permanent or temporary. 
The permanent changes we consider indicative of a definite pathologic 
lesion, generally myodegeneration (Figs. 33-34). 

‘‘The criteria in the electrocardiograms that we have used are iu 
general as follows: 

‘*1, Abnormal prolongation of the time interval of the Q-R-S grour 
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Fig. 32.—ELECTROCARDIOGRAM FROM A CASE OF PAROXYSMAL ‘TACHYCARDIA OF 
AURICULAR ORIGIN. 
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beyond the normal limit of 0.1 second. This prolongation is most manifest 
in a widening of the R wave, so that its foot points are abnormally sepa- 
rated. The R wave no longer has its slender, tall, spine-like appearance, 
but is broader and sometimes blunter than normally. 

‘2. Notching of the R wave. This notching may appear on the 
ascending or descending limb, on both limbs, or at the peak. It may be 
multiple, and its degree and location may vary slightly from beat to beat. 
In arrhythmias, the shorter the preceding interventricular interval, 
the more pronounced is the evidence of disturbed intraventricular 
conduction. 

‘3. Low voltage as expressed by a low amplitude of the waves in all 
three leads. This change is not uniformally present, but when it occurs 
it helps to differentiate this type from the electrocardiograms typical of 
bundle-branch bleek. 

‘‘4. Absence of the typical diphasic curves with huge T waves found 
in experimental kundle-branch block. 

‘‘ Prognosis.—-Special emphasis should be laid on the serious prognosis 
in patients showing electrocardiograms indicative of intraventricular 
block. Of the 58 patients studied whose fate is known, the mortality has 
been 48 per cent. within two years. 

‘‘On physical examination two signs have been especially noted: 
(1) a muffled, poor or practically absent first heart-sound, and (2) gallop 
rhythm. One is often struck by the fact that the heart is hypertrophied, 
but that the first sound, instead of being booming, has a poor or muffled 
quality.’’ 

VII. The Roentgen Ray and Orthodiagraph—1. VariaTIONS IN 
THE SIZE OF THE HEART DURING AND AFTER WorkK.—The position and size 
of the heart can to a great degree be ascertained by the usual methods of 
physical diagnosis, 

The x-ray, however, is more complete in its revelations of the out- 
lines of the heart and blood-vessels. Jt pierces the edges of emphy- 
sematous lungs, which often cover the heart borders and can reveal the 
lower border of the heart when hidden or displaced by a distended 
stomach. The large vessels in the mediastinum are shown distinctly 
responding to the cardiac impulse. From the functional standpoint, the 
roentgen ray and orthodiagraph show the variations in size of the heart 
during and after work, and serve as excellent controls in many of the 
functional tests above described. 

The normal cardiac shadow thrown upon the fluoroscopic screen 
resembles the area of relative dullness on percussion, except that it also 
extends upward behind the manubrium. In the second left interspace 
the shadow of the pulmonary artery is seen and in the second right that 
of the aorta. 

This shadow is larger than the heart because of the divergence of the 
rays from the tube to the screen. To obviate this when measuring out 
the heart, F. Moritz devised an instrument known as the orthodiagraph. 
By means of this the exact contour of the heart can be marked off, both 
on the body and on a paper held in a frame behind the patient. This 
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furnishes a means of determining the size of the heart, or of any organ, 
with accuracy.*’ 

Sudden variations in the size of the heart are dependent upon or 
associated with variations in the volume of blood contained in the heart. 
The heart walls remain practically unchanged during short periods, 
affected only by the slight changes in coronary circulation. It is not 
necessary to consider the hypertrophy of the heart which develops only 
during long periods of time. 

Nicolai and Zuntz studied the changes in the size of the heart during 
work by means of the roentgen ray. The work was done on a stationary 
ergometer. That is, the z-ray apparatus was applied while the patient 
was walking on an inclined plane. The plates were so exposed as to 
obtain the shadow during diastole and during systole, and the plates 
obtained before, during and after work were compared.*® 

The authors show that, during work, the heart increases in its diastolic 
size, but is normal in its systolic size. 

The increased diastole, during work, they attribute to the muscular 
and respiratory activity incident to work. The heart is normal in its 
systolic size because, during work, it empties itself almost completely 
with each beat. Such a reaction is normal, and the diastolic increase in 
size alone is not evidence of insufficiency of the heart. 

Only then when the residue in the heart chambers after systole is 
greater than normal, does an insufficiency exist. This is, therefore, an 
important mode of measuring the insufficiency of the heart for a measured 
amount of work. The heart is orthodiagraphed in normal systole. A 
measured amount of work is executed and x-ray measurements taken 
during diastole and systole respectively. If a greater quantity of blood 
than normal remains in the heart after systole, insufficiency may be 
said to exist. The normal heart expels only about one half its contents 
during systole. The normal reaction after work is a fall in both the 
diastolic and systolic diameters of the heart. This is attributed to the 
sudden decrease in the quantity of blood pumped into the heart as a 
result of the stopping of the muscular activity. 

The same fall in size of the heart can be observed in any person after 
closure of the glottis followed by forced expiration. This serves to shut 
off the blood from entering the heart, and naturally the latter becomes 
smaller with each systole, emptying itself of a small amount with each 
beat. 

Nicolai and Zuntz estimate the relative volumes of blood in the heart 
by taking the radius (half of the horizontal diameter of the heart) and 
multiplying it by x r,? considering the heart spherical. 

2. Tue MyocarpiaAL RETRACTION REFLEx.—Attention was directed 
in 1898 to a heart-reflex by means of z-rays and it has since been sug- 
gested as of value in determining myocardial tonicity.” 

The reflex under consideration consists of a contraction of the myo- 
cardium of varying duration, which results when the skin of the pre- 
cordial region is irritated. The cutaneous irritant may vary from a 
spray of ether to massage with a towel or by a series of percussion blows. 
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The most effective site for inducing the heart-refiex is the spinous 
process of the seventh cervical vertebra. 

Myocardial contraction ensues in the sagittal and transverse diameters 
of the organ. Percussion of the muscles causes a retraction of the right 
ventricle only (myopathic heart-reflex). 

The reflex in question is easily observed with the x-rays, although 
accurate percussion will show that, after outlining the heart, a notable 
retraction may be demonstrated after cutaneous irritation. The con- 
traction of the myocardium implicates both ventricles of the heart after 
cutaneous irritation, although as a rule it is more evident in the left 
than in the right ventricle. It may also be noted that the myocardial 
recession persists even after the source of cutaneous irritation is 
removed.!” 

Minerbi? called attention to the prompt retraction of the sound 
heart when the precordial region is tapped. This tapping with twenty 
strokes of the hammer and pleximeter is followed by retraction of the 
auricle, atrium or ventricle according as one or the other is nearest the 
line of strokes. .The heart outline will then be found 1, 2 or even more 
centimeters inside of the previously drawn outline. The retraction is evi- 
dently due to the direct or autonomic excitability of the muscle tissue. 

In very large dilatations and in advanced myocardial degeneration, 
the heart does not respond to precordial excitation and is not favorably 
influenced by balneological treatment, or the latter may even be contra- 
indicated on account of the probable development of cyanosis.’ If 
one can demonstrate the heart-refiex even in high grades of cardiac 
insufficiency, the prognosis is more favorable. 

3. MyYocarDIAL DILATATION REFLEx.—A counter reflex exists of dila- 
tation of the heart muscle as a result of peripheral irritation.’°? This 
may be evoked by percussing the spinous processes of the ninth, tenth, 
eleventh and twelfth dorsal vertebre. This reflex has not been studied 
with regard to its evidence in cases of myocardial insufficiency. 

Breccia *™ called attention to the rapid enlargement of the heart in 
certain persons when the upper abdomen is briskly and repeatedly 
tapped. The heart returns to its former outline in a few minutes. This 
reaction indicates that the heart is weakened too much to respond quite 
normally to the extra demands made upon it by the mechanical stimula- 
tion thus induced in the abdominal aorta. It professes thus to be a 
rapid sign that the heart is below par. In 100 cases of mitral defect, 
Breccia found the reaction negative in the perfectly compensated cases 
and positive in the decompensated and weak. 

VIII. Metabolic Changes in Impaired Heart Function.—1. Vira 
CAPACITY OF THE Lunges as A TEsT oF MyocarpIAL Function.—It has 
long been known that in patients with heart disease the vital capacity of 
the lungs, that is, the volume of the greatest possible expiration after 
the deepest inspiration, is decreased below normal.?°* Determinations of 
the vital capacity in cases of cardiac disease are often of practical value 
as they give quantitative information as to the tendency to dyspnea, 
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and thus, indirectly, as to the clinical condition and the reserve power 
of the patient. 

Peabody and his co-workers have made extensive graphic and clinical 
studies of the respiration by means of the following method : *°° 

‘‘Briefly it consists in having the subject breathe through valves 
which separate the expired from the inspired air. The expired air 
passes through a closed circuit and is then rebreathed, so that the in- 
spired air contains a progressively rising percentage of carbon dioxid 
and a falling percentage of oxygen. Samples of the inspired air are 
then taken every two minutes and analyzed for carbon dioxid. A cali- 
brated volumetric recording spirometer is connected with the closed 
circuit and the volume of each respiration is registered on the drum 
of a kymograph. With the aid of an electric-timer, the minute-volume 
of air breathed can be thus easily determined.’’ 

‘‘From the studies of Peabody and his collaborators it is evident that 
there exists a remarkably close relationship between the clinical con- 
dition of cardiac compensation and the vital capacity of the lungs. Thus, 
in general, patients with a vital capacity of 90 per cent. or more of 
the normal standard adopted for their sex and height have little or 
no abnormal tendency to dyspnea. Patients with a vital capacity of 
from 70 to 90 per cent. of the normal become short of breath on unusual 
exertion and must lead a restricted life, although many of them can 
do light work. Patients with a vital capacity of from 40 to 70 per cent. 
of the normal are much more limited in their activities. They become 
dyspneic on moderate or slight exertion, are rarely able to work and 
frequently suffer from cardiac decompensation. Those with a_ vital 
capacity of less than 40 per cent. of the normal are decompensated pa- 
tients, usually confined to bed, and the mortality in this group is high. 
There is, moreover, a close correspondence in the individual case between 
changes in the vital capacity and variations in the tendency to dyspnea. 
In stages of decompensation the vital capacity falls, and with recovery 
the vital capacity rises.’’ 

2. THE ELIMINATION OF SALT AS AN INDEX oF HEART FuncTION.— 
Koranyi’s method is based upon the principle that the concentration 
of the urinary ingredients depends upon the velocity of the circulation.?” 
That is, with reduced circulation, the NaCl output will be reduced, and 
with acceleration it will be increased. Therefore the molecular concen- 
tration of NaCl in the urine as measured by the freezing point may be re- 


garded as a test of circulatory efficiency ; i.e, <—~, is increased in slow- 


ing circulation and lessened by rapid circulation. 

Koranyi examined 24 hour urinary collections. Loeb and Knecht 
modified the method (more accurately) as follows'°: The patient takes 
his evening meal at 6 p.m. He voids at 12 midnight and 6 a.m. He 
then gets 100 grams milk and after that urinates every 114 hours. These 





urinary portions are each examined for These specimens of 


NaMl ° 
urine are not affected by previous ingesta. The effect of exercise can 
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then be studied as has been done by Loeb, and more recently by 
von Ritook.?°° 

The latter compared the Koranyi test with the von Recklinghausen- 
Strassburger test 7° in the same cases. He examined 41 cardiac cases 
suffering from failing compensation. 

The urine of 114 hourly fractions was first examined and at the 
same time the pulse-rate (F'), the minimal blood-pressure (D) and sys- 
tolic pressure (S) were taken. 

S — D = amplitude (A), from which is derived + =Q (Strassbur- 
ger’s Quotient), and A X plus-rate is calculated. 

Then the patient was given some work on the ergostat, the pulse and 
blood-pressure again taken and after one hour the urine again studied 

A 
for Nac" 

The authors frequently found contradictory results. They found 
that the amplitude estimation as a test of beat-volume, and that the A 
< pulse-rate as an index of rapidity of circulation are not accurate. 
This was also found by Klemperer.*"! 

IX. Tests of the Functional Capacity of the Circulation in Special 
Diseases.—The author made studies upon soldiers between the ages of 
twenty and thirty years recruited into the Army in Kentucky. The ob- 
servations were all carefully recorded and were compiled as a mass of 
figures. An analysis has discovered certain characteristic results. 

Studies were made upon the pulse-rate, systolic and diastolic blood- 
pressure in the seated posture and repeated with the patient standing 
and again after exercise. The blood-pressure was measured by the aus- 
cultatory method, using a vertical mercury manometer and a wide cuff. 
Hopping one hundred times on one foot was the exercise used, that 
being the one prescribed for the examination of the soldier. In most 
cases a series of observations was made and repeated and the average 
figure calculated.®+ 

PAROXYSMAL TACHYCARDIA.—Lewis pointed out a distinguishing fea- 
ture between paroxysmal and simple tachycardia.‘* He showed that 
effort has no effect on the pulse-rate during an attack of paroxysmal 
tachycardia while it increases the rate in other tachycardias. Lewis’ 
assertion was not meant for the intervals between paroxysms. During 
these intervals, the pulse-rate increases a little more than in the normal 
eases both after change of posture and after exercise. Effort may 
induce a paroxysm, while on the other hand, it is used by some patients 
to stop an attack. 

The value of testing the functional capacity of the circulation in 
cases of paroxysmal tachycardia should be emphasized as shown by the 
author in a previous study of the subject. Low arterial pressure is a 
constant finding in all these cases, though most marked during the 
attacks. The reason for this lies in the deficient filling of the ventricles 
during the very short diastolic periods. The period of ventricular 
systole is never more than 0.2 of a second. If the rate is over 200 per 
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minute, the period during which filling of the ventricles can take place 
is very short. As a result venous stasis takes place and the arterial 
pressure falls. 

From a study of the average pulse and blood-pressure changes in the 
author’s series of five cases, no characteristic findings can be attributed 
to this condition, following the postural and exercise tests that were 
used in this study.**8 

THYROTOXIC TACHYCARDIA AND ExOPHTHALMIC GoITER.—Nine cases 
of exophthalmiec goiter were grouped together to ascertain the relation- 
ship of hyperthyroidism to the functional capacity of the circulation. 
The findings unequivocally support the belief that hyperthyroidism 
lessens markedly the cardiac and circulatory efficiency. This is evidenced 
by almost all of the tests used. First, the average increase of pulse- 
rate on changing from the seated to the standing posture was more than 
normal. Much more exaggerated than this, however, was the sudden 
tachycardia following exercise. In this series the pulse rose an average 
of 65 beats above what it was previously in the seated posture. The 
instability of pulse-rate in these cases is associated with an instability of 
blood-pressure. The fluctuation of diastolic pressure is quite marked. 
It rises with change of posture almost twice as much as it does normally 
and falls three times as much as normally following exercise. The dias- 
tolic pressure then remains low during the time of the test. (Fig. 35.) 

The systolic pressure showed a delayed rise following exercise in a 
few cases, and gives the average of a sustained rise in the curve. This 
delayed rise or sustained level of blood-pressure signifies deficient cir- 
culatory efficiency.1* The pulse-pressure likewise showed a delayed in- 
crease, which is perhaps of equal significance. There were only slight 
variations from the average in the results of individual cases; the curves 
constructed from readings in separate cases resemble the combined curve 
shown in Fig. 39. 

Functional tests therefore confirm the attitude toward these cases 
that they are unfit subjects for strenuous work or prolonged exercise 
and strain. 

NEUROCIRCULATORY ASTHENIA.—Neurocirculatory asthenia, or the 
‘‘effort syndrome’’ of symptoms, is met with not alone in military life, 
but also under stress of civic and social relations. The disorder depends 
upon a vasomotor instability occurring in highly strung nervous indi- 
viduals, and presents the following symptoms: breathlessness, precordial 
pain, a feeling of exhaustion, giddiness and fainting, palpitation, head- 
ache, lassitude, irritability, tachycardia, apical systolic thrill, high sys- 
tolic blood-pressure and nervous instability. All these symptoms are 
exaggerated by effort and excitement. 

In passing, it may not be out of place to point out a differential point 
between the thrill in this malady and that in organic mitral stenosis. 
The thrill in this disease, as also in some cases of thyrotoxic heart, is 
due to the diffusion of the apex beat as it strikes over several rib spaces 
with a forcible or jerky movement. This systolic shock gives to the 
palpating hand the impression of a presystolic thrill. The thrill is 
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obtained characteristically when the chest-piece of the stethoscope covers 
a whole interspace, being applied over two ribs. 

If now the stethoscope is placed obliquely upon the chest wall, so 
that its edge lies within an interspace and its mouth inclines toward 
either the upper or the lower rib, the thrill disappears. This is charac- 
teristic and almost always to be noted when there is a thrill in these 
eases. In mitral] stenosis, however, the distinct presystolic wave persists 
against any adventitious attempts to obliterate it. The cardiogram in 
mitral stenosis is also different from that of this condition.™ 

The one important feature that dominates the cardiac signs of this 
malady is the hypertonicity of the heart muscle. This can be recognized 
on palpation and auscultation, and is exaggerated by exercise. The 
hypertonic condition and action of the heart muscle depends upon the 
hypertensive nervous state that is responsible for most of the other 
symptoms. Tests for increased tonicity of the heart muscle have not 
as yet been developed and we must therefore rely upon our clinical 
acumen and experience to recognize and estimate it. 

MeNee and Dunn,’!* and more recently Brooks,"* found the thvroid 
gland enlarged in many of these cases and consider the condition thyro- 
toxic. We believe that the clinical picture is neurogenic and psycho- 
genic primarily, rather than induced by endocrinal disturbance. Neuro- 
circulatory asthenia presents a tremogram different from that obtained 
in hyperthyroidism. The thyrotoxic tremor is fine and at a fairly regu- 
lar rate of about eight to the second. The tramogram of neurocircula- 
tory asthenia is rather coarse and irregular and the irregularity in- 
creases in rate and amplitude upon effort. 

The curve that we have constructed from studies made upon 28 cases 
of neurocirculatory disorder presenting the classical symptoms, shows, 
first, increase of pulse-rate on change of posture and following 
exercise greater than normal; secondly, fall after exercise more gradual 
than normal; thirdly, increase of systolic blood-pressure and of pulse- 
pressure more than in the normal cases immediately after exercise 
(Fig. 36). . 

It must be emphasized, however, that the hypertonic state of the 
heart muscle as a feature of this disease is of equal importance with the 
exaggeration of the symptoms and signs by effort or excitement. 

With regard to the pulse-rate, what is probably more characteris- 
tic than its exaggeration after exercise and its more gradual return than 
normally is the instability of rate due to psychic factors. 

Table 1 shows characteristic figures from our protocols of cases of 
neurocireulatory asthenia. Each double column is from a separate case. 

It is apparent from the curve and from the table that patients with 
the effort syndrome may have normal cardiac reserve power. There is 
no delayed rise of the systolic blood-pressure after the exercise. This 
accords with the findings in three cases examined by Robey and Boas.” 

Tests were made in cases of neurocirculatory asthenia of the effect 
of change from the lying to the seated position and from the lying to the 
standing position. The changes depend upon splanchnic effects. 
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TABLE 1.—FUNCTIONAL CAPACITY OF THE CIRCULATION IN NEUROCIRCULATORY 
ASTHENIA, 





Sys.| Dias. | Sys.| Dias. | Sys,| Dias. | Sys.| Dias. | Sys.| Dias. 





SES | ee | qeenseer | ee | ES | ES | A | CS | —_ee 


Pulse-rate, seated ..... 84) .. 96; .. 90] .. 114] .. 96 

Pulse-rate, standing ...{ 132] .. 132{ .. 132] .. 132] .. 108] .. 
Blood-pressure, seated..| 115} 75 |180] 64 |108] 68 |120] 70 | 122] 70 
Blood-pressure, standing} 145) 90 | 138) 84 |120} 86 | 115] 75 |128) 84 


Exercise performed .... Hopping One Hundred Times on One Foot 
Food-pounds of work ..| 3425 4250 4685 3375 3225 
Pulse immediately after.) 156{ .. 144; .. 156] .. 192; .. 120 
Blood-pressure 30 sec- 

onds after .......... 145] 80 144; 76 154; 72 160; 70 156; 90 
Blood-pressure 60 sec- 

onds after .......... 140} 80 |144) 76 | 144] 68 | 160; 65 | 136] 80 
Blood-pressure 90 sec- 

onds after .......... 120] 85 142}; 72 | 1388] 66 |150] 65 140; 84 
Blood-pressure 120 sec- 

onds after .......... 135; 80 |140] 68 | 134] 64 | 134] 70 |124) 76 
Pulse-rate 2 minutes 

BIUEY Soca reieees ues 120) .. 78) .. 132)... 132) .. {108 





Sudden change from the recumbent to the standing position causes 
a slight fall of blood-pressure. But after about 15 seconds both the 
systolic and diastolic pressure rises as in the normal cases. 

NEPHRITIC HYPERTENSION.—The author studied 11 cases of hyper- 
tension of nephritic origin to note what general effect hypertension 
alone may have upon the functional capacity of the circulation. The 
lowest diastolic pressure in the series was 90 mm. of mercury. The 
pulse-rate was augmented more than normally by change from the 
seated to the erect posture. The diastolic pressure rose on standing and 
fell after exercise, giving a curve very much like the normal (Fig. 37). 
The systolic pressure was uninfluenced by change of posture from seating 
to standing. Exercise increased the systolic pressure almost twice as 
much as normally, and what is more important, the Barringer test, i. e., 
the systolic pressure taken 30, 60 and 90 seconds after exercise, indicates, 
if not a delayed rise, an increased pressure maintained longer than nor- 
mally. The pulse-pressure does show a distinct delayed’rise. That is, 
cases of nephritic hypertension, as concluded from the evidence, have a 
diminished functional capacity of the circulation. Because of the dis- 
tress after exertion, one is prompted to caution in these cases and 
no more strenuous exercises were used for the observations. 

CONGENITAL LESIONS AND CARDIAC DISPLACEMENT.—These tests were 
not done extensively enough to warrant detailed analysis. The findings 
may be briefly summarized. 

In one case of congenital dextrocardia with transposition of the 
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viscera, findings were obtained quite different from the normal. The 
main feature was a marked fall, 14 mm. of mercury, in the diastolic 
pressure on change of position from sitting to standing and its return 
to 5 mm. above the previous reading after exercise. 

The same feature singularly characterized a case of patent ductus 
arteriosus. <A fall of diastolic pressure of 30 mm. occurred in this case 
and persisted after exercise. It is hoped that the effect of congenital 
heart lesions upon functional efficiency will be given further study. 

In two cases of markedly displaced heart, very peculiar findings 
were obtained, chiefly an instability of the pulse-rate variations fol- 
lowing exercise. The findings are not sufficiently convincing or numerous 
to report in detail. 
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THYROID GLAND 


Tests for Hyperthyroidism.—1. Jopin Tests ror HyperTHYRODISM. 
—It has been a well-known fact that the administration of lodids over 
long periods to cases of goiter may produce symptoms of hyperthy- 
roidism.1 Fr. v. Mueller suggested the use of iodin as a means of dis- 
elosing hyperthyroidism, as those suffering from this disease often ex- 
hibit intolerance to iodin by showing emaciation and tachycardia after 
its administration. . 

However, the administration of thyroid gland, iodin or iodid of potas- 
sium to show a latent hyperthyroidism is too dangerous a procedure to 
be used as a routine clinical test. This is especially true when signs of 
emaciation are present.’ | 

2. Marinesco-RosEo COMPLEMENT-DEVIATION TEST FoR HYPERTHY- 
ROIDISM.—Marinesco ® and, later, Roseo * suggested that in states of hy- 
perthyroidism there is sufficient thyroid substance (antigen) present in 
the blood-serum to give rise to the formation of antibodies in the pa- 
tient’s blood. They proposed to test for these antibodies by means of 
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an antigen prepared from thyroid gland removed at operation from a 
ease of hyperthyroidism. In the experiments an aqueous extract of 
goiter, from a case of hyperthyroidism was used as antigen, and the 
serum of the same patient was used for antibody and also the serum of 
four other cases of hyperthyroidism. In the case whose goiter furnished 
the antigen the fixation was complete; in the two other cases there was 
incomplete hemolysis; and in the fourth the hemolysis was complete, 
as in a normal control. 

They have also studied this reaction, using ethereal and alcoholic 
extracts of the gland. They found that the aqueous, alcoholic and 
ethereal extracts acted in about the same way; at times the ethereal 
extract was more active. In most of the cases of hyperthyroidism there 
was found either a total absence of hemolysis, or an incomplete or par- 
tial hemolysis. On the other hand, the serum of cases of hyperthyroid- 
ism never fixed complement in the presence of normal thyroid tissue, 
with the exception that the serum of a syphilitic patient gave a partial 
hemolysis with ether and alcoholic extracts of a normal thyroid. 

No definite opinion as to the value of this test can be formulated at 
present, as considerable work is necessary to determine its value in cases 
of latent hyperthyroidism. 

3. ABDERHALDEN’s SERODIAGNOSIS: APPLICATION OF SpEcIFIC FErR- 
MENT TEsT TO DIAGNOSIS OF HYPERTHYROIDISM.—Lampe® and his co- 
workers have studied the possibilities of applying the Abderhalden spe- 
cific ferment test to the diagnosis of thyroid states. They believe that 
the blood-serum of patients with hyperthyroidism contains ferments 
which are specific for thyroid tissue. They think that if, in cases of 
hyperthyroidism, there is an overproduction of normal thyroid secre- 
tion, a negative result with the Abderhalden test should be obtained, 
because in this case there is an introduction into the blood of a purely 
native protein, only in increased amounts, and therefore no production 
of ferments. If, on the other hand, we have in cases of hyperthyroidism 
the presence in the blood of a protein that is secreted by the thyroid 
—but of an altered composition, on account of the pathological changes 
in the gland—then this foreign protein would stimulate the production 
of a specific ferment and the Abderhalden reaction would be positive. 

They studied the effect of the serum from cases of hyperthyroidism 
upon normal thyroid gland, exophthalmie goiter gland, cystic and 
parenchymatous gland, normal thymus, hyperthyroidism thymus, ovary, 
testicle, kidney, suprarenal, pancreas, ete. In all instances where the 
serum from cases of hyperthyroidism was allowed to act upon hyper- 
thyroidism tissue, the tissue was digested. In a few cases the reaction 
was positive when the normal thyroid tissue was used. The reaction 
was also positive in four out of five of the cystic goiter cases and in 
the thymus and ovarian tissue cases. With the other tissues the reaction 
was negative. 

On account of these results they believe that in cases of hyper- 
thyroidism, so called, there is a true dysthyroidism, not a simple hyper- 
thyroidism. 


204 FUNCTIONAL DIAGNOSIS 


Two distinct methods of detecting the presence of these antibodies 
have been devised. The first, the optic method, is capable of very wide 
application to the diagnosis of different conditions and should prove 
extremely useful in solving many problems of great clinical importance. 
It requires, however, considerable skill and technical ability as well as 
a rather expensive apparatus. The second, the dialyzation method, is 
much simpler, both in technic and in necessary equipment. Both of 
these methods require the most assiduous attention to the various details 
given, if any dependence is to be placed upon the results of the tests. 

1. The Optic Method.—The basis of this test is as follows: A solu- 
tion of peptone in physiologic salt solution has a definite power of ro- 
tating the plane of polarized light. Likewise, the serum, both suspected 
and normal, has a similar action. The degree of rotation of either, how- 
ever, remains permanent for some time at 37° C. If a solution of pep- 
tone and normal] serum are mixed and the degree of rotation of this 
mixture determined, no appreciable change will be observed between 
the initial and final polarimetric readings. If, however, a solution of 
peptone, whose polarizing is known, is treated with a serum containing 
the specific ferments above mentioned, digestion of the peptone occurs 
with the formation of products showing rotatorv powers sufficient to 
change the initial rotation of the mixture to quite an extent. These 
changes may be observed at different intervals and interpreted as 
described later. 

Preparation of Thyroid Peptone.—The fresh thyroid is made blood- 
free by cutting it into small pieces and placing these under running 
water for about 15 minutes. The pieces should be dried between folds 
of filter paper and placed in about five times their weight of 70 per cent. 
sulphuric acid. The mixture is allowed to stand for three days at room 
temperature and the container shaken frequently. At the end of this 
time, the container is placed in ice water and the contents diluted with 
10 volumes of distilled water, stirring constantly. The sulphurie acid 
is removed by adding approximately the calculated amount of finely 
powdered barium hydrate and the precipitation completed with a known 
solution of this salt, the mixture being stirred constantly. When the re- 
action of the mixture becomes neutral to litmus paper, the barium sul- 
phate is filtered off. If the filtrate 1s turbid, refiltration is necessary, 
until a perfectly clear filtrate is obtained. The separation of the barium 
sulphate is much facilitated by the use of a large centrifuge, if such is 
at hand. The precipitate is then washed with a large amount of cold 
water and the filtrate and washings combined. The mixture should be 
tested for both barium and sulphuric acid. If either is present, it must 
be removed. This barium- and sulphuric-acid-free solution is then 
evaporated to dryness on the water-bath, under reduced pressure, at a 
temperature not exceeding 40° or 50° C. It is wise to test the evaporated 
material at several intervals for the presence of el:her barium or sul- 
phuric acid, as these sometimes appear on concentrating the mixture. 
It is important that these be removed, as their presence will result in 
further hydrolysis of the peptone and, in consequence, will lessen the 
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value of the final product. A thick, yellow syrup or a foamy mass 
remains after this evaporation. The product may be used in this form, 
but it is preferable to purify it, if reliable results are to be invariable. 

This yellowish residue is dissolved in methyl alcohol with the aid 
of heat, and the hot solution is poured into absolute ethyl alcohol. The 
peptone is thrown down as a yellow powder, which is soluble in water 
to a clear yellowish solution of weakly acid or amphoteric reaction. This 
powder is not hygroscopic. A further purification is still advisable. 
The yellow powder, above mentioned, is dissolved in water up to a 5 per 
cent. solution and a 10 per cent. solution of phosphotungstic acid added 
as long as a precipitate forms. This is then filtered and washed several 
times with water. Following this, the precipitate is rubbed up in a 
mortar with some water and twice its weight of barium hydrate. This 
is again filtered and the excess of barium removed from the filtrate with 
sulphuric acid. The barium sulphate is filtered off and the filtrate 
evaporated to dryness under reduced pressure at 40 to 50 degrees, as 
outlined above. This product is snow white and is permanent. 

It is absolutely essential for the successful application of the optic 
test that the peptone be as pure as possible. The same product is not 
always obtained by the above method, as the hydrolysis may proceed 
further than the peptone stage. Such products are unsuitable for the 
test. It is wise, therefore, to work as quickly and as carefully as pos- 
sible with a large amount of thyroid substance, so that one may obtain 
an appreciable amount of peptone. If the product is found serviceable, 
it may be kept for years. A further point to be considered in the use 
of a prepared peptone is that the solution of this product must give 
absolutely no turbidity with the serum to he tested. Such a finding 
is not infrequent, owing to the probable presence of precipitins in the 
product. Such a peptone cannot be used. 

A further important property of the prepared peptone must be its 
power of rotating the plane of polarized light. The degree must not be 
too small] or the product will prove of little value. It will be seen, there- 
fore, that the preparation of a serviceable and proper peptone is a mat- 
ter of considerable difficulty and is essential to the successful perform- 
ance of the test. 

One may preserve the peptone, prepared as above, either in the solid 
state or in the form of a solution. The advantage of a solution is that 
one has on hand a large amount of material, which will give good com- 
parative results, as the solution is permanent. Abderhalden formerly 
used solutions of 0.5 to 2.5 per cent. strength. This solution must be 
absolutely clear and colorless. If not clear and colorless, it may be 
filtered through thick paper or a Berkefeld. This clear solution may be 
preserved by overlaying its surface with toluol. When required for 
the test, the solution is withdrawn by a pipet dipping below the toluol. 
If care is taken to keep a layer of toluol over the solution, the stock 
material will be permanent for a long period. Should this solution be- 
come turbid at any time, the material should be thrown away and a 
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new stock solution prepared, as above. The optical activity of this stock 
solution must be tested before each test. 

Obtaining the Serum.—The serum of the patient is obtaine1 by with- 
drawing 10 to 15 c.c. of blood. The blood, as drawn, should be put 
directly into a sterilized centrifuge tube, so that all cellular elements 
may be completely separated. For a successful test the serum must 
not show signs of the presence of cells. A further precaution to be taken 
is that no sign of hemolysis must be present in the serum; for this rea- 
son, the cells should be separated rapidly. It is wise to make the test 
on the same day on which the blood is taken, although, if the precau- 
tions above mentioned are observed, a delay of 24 to 48 hours does 
not materially affect the activity of the serum. 

Technic.—Having prepared the 10 per cent. solution of peptone and 
having proven that it answers all the requirements mentioned above, 
place 1 cc. of this clear solution (withdrawn by a pipet) in a small, 
clean, sterile test-tube. Add 2 c.c. of the clear suspected serum and 
shake the tube several times. Examine the mixture carefully for any 
turbidity or precipitation. If any is observed, the test cannot be car- 
ried out. Add sufficient physiologic salt solution to the mixture to 
fill the 1 decimeter polarimetric tube. This mixture with salt solution 
is preferably made in this way, rather than by adding the salt solution 
after the peptone solution and serum have been placed in the polarizing 
tube. Any turbidity may be much more easily detected. Pour the 
above mixture into the 1 decimeter tube, whose mantle has been filled 
with water at 37° C. 

Carefully determine the initial rotatory power of the mixture, check- 
ing the readings several times and controlling them by subsequent ones 
after 5 or 10 minutes. No change should be observed in these read- 
ings. Place the tube and its contents in the incubator at 37° C. and 
repeat the readings every hour for a few periods, and then continue 
every 6 to 8 hours. Do not extend the investigation over more than 
48 hours. Record all readings and interpret them as given below. 

Control tubes must be arranged as follows: (1) the peptone solution 
alone; (2) the suspected serum alone; (3) peptone solution plus nor- 
mal serum; (4) peptone solution plus known positive serum; (5) pep- 
tone solution plus inactivated (heated to 60° C.) suspected serum. In 
all of these controls the same conditions must be maintained and the 
same length of polarizing tube must be used as in the test itself. If 
any turbidity occurs in any of the control mixtures or tubes, these must 
be disregarded in interpreting the test, as turbid solutions give variable 
results with the polarimeter. 

It goes without saying that this test requires the very best equip- 
ment possible. The cheap polariscopes are absolutely useless, as they 
are not delicate enough to detect the fine variations given. The three- 
shadow instrument of Landolt-Lippich is especially to be recommended. 
The polarizing tubes used are, preferably, the 1 decimeter tubes which 
are furnished with a mantle which may be filled with water at any 
desired temperature. If different length tubes are used in any of the 
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tests, a correction must be made in order that comparative figures may 
be obtained. 

In performing this test, even to a greater degree than when the in- 
strument is used in other work, much depends upon the ability of the 
worker to detect slight variations in the degree of the rotatory powers 
of the mixtures under investigation. The method is easy to learn, but 
the special sensibility toward such changes cannot be taught. Abder- 
halden cautions any one who shows a working error of as much as 0.04° 
in his observations against attempting to interpret the test. 

In reporting the result of this test, Abderhalden employs the fol- 
lowing method: 


Deviations within 0.04°................. Negative 
Deviations between 0.05° and 0.1°......... Positive (++) 
Deviations between 0.11° and 0.2°......... Positive (+ +) 
Deviations over 0.2°..... Sia bane Soe Positive (+ + +) 


2. The Dialyzation Mcthod.—This method is much more simple 
than the optic method, as regards both technic and apparatus. It must 
not be thought, however, that any less care is necessary in carrying out 
the details of the test. In fact, erroneous results are, perhaps, more 
easily obtained by careless manipulation when this method is employed. 

The basis of this method is the conversion of the colloidal non- 
dialyzable protein into dialyzable products, through the activity of the 
ferments above mentioned. These products are then detected by sim- 
ple color reactions in the dialysate. 

Preparation of Thyrmd Protein.—As autolysis proceeds fairly rap- 
idly in thyroid tissue, prepare the albumin from thyroids which should 
be as fresh as possible. Remove the external portions of the thyroid, 
and wipe away as much blood as possible. Cut the material into 
small pieces and wash for a short time in running water.* While 
this is being done, boil about 2 liters of water, to which are added 2 
drops of glacial acetic acid. Throw the washed bits of thyroid into this 
boiling water and boil for 5 to 15 minutes. Pour the mixture upon 
a loose, quick-acting filter and boil the pieces again with a second por- 
tion of acidulated water for 5 to 15 minutes. Pour off this water and 
test with the triketohydrinden hydrate reaction (see page 210). If a 
positive reaction results, the thyroid tissue must be again boiled with 
acidulated water until a negative reaction occurs. The essential points in 
this process are rapid and complete coagulation of the protein and the 
removal of all soluble dialyzable material which may react with the 
reagent mentioned above :** 

As soon as a negative result is obtained with the extractive water, 
pour the mixture into a wide-mouth flask, add some chloroform, and 
then overlay the fluid with toluol and stopper the flask; or else 

*It is essential that all visible blood be removed, as its presence will introduce 
@ large error. 


** Care must be taken not to add an excess of acetic acid to the water, as this 
may interfere with the ninhydrin test and thus give rise to an appreciable error. 
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place the material in several smaller glass jars and overlay with toluol. 
This protein keeps almost indefinitely and may be removed from the 
containers as desired. It should be tested, from time to time to show 
that it contains, in itself, nothing which may react with the reagents 
used in the later test.* 

Obtaining the Serum—The serum is obtained by venous puncture, 
the blood (about 10 c.c.) being drawn directly into a sterilized centrifuge 
tube. The cellular elements are separated as quickly as possible and 
the serum drawn off into a clean sterile tube. It is of especial impor- 
tance in this test that the serum show no sign of hemolysis. As it has 
been shown that amino-acids are present in the blood during digestion 
and may, therefore, give a positive reaction with triketohydrinden hy- 
drate, it is wise to take the blood in the morning before breakfast in 
all eases. If this is not done, a smaller amount of serum must be used 
in the later test to compensate for this possible error. 

Selecting the Dialyzing Tubes.—It is evident that this part of the 
preparation for the test is of extreme importance. The dialyzing thim- 
bles must be permeable for peptone but not for protein. Unless these 
conditions obtain, the test is valueless. Not all of the thimbles on the 
market are by any means suitable. Abderhalden advises the use of 
the diffusion shells No. 579 A., of Schleicher and Schull. Not all of 
these will answer the purpose. 

It is necessary, therefore, that all the dialyzing thimbles used in 
the test should have been previously tested and known to fulfill the 
above requirements. As the thimbles are usually dry and hard when 
obtained, they should be soaked in cold water for a few hours, placed 
in boiling water for a few seconds and kept in water covered with 
toluol. 

To test these thimbles for their permeability for protein, proceed 
as follows: Remove the thimble from the water and place in it 5 ec.e. 
of serum or of a solution of egg albumen. Add a few drops of toluol 
to prevent bacterial action. Place 20 ce. of distilled water in the 
dialyzing vessel and overlay this with toluol. This dialyzing vessel 
should be quite narrow, the distance between the wall and the thimble 
(when in place) being about 14 em. These vessels are kept plugged 
with cotton and are sterilized before use. Now suspend the thimble with 
its albuminous contents in the dialyzing tube in such a way that the fluid 
outside is as high or, preferably, a little higher than that within the 
thimble. Plug the vessel with cotton to prevent contamination and 
put the apparatus in the incubator at 37° C. for 18 to 24 hours. At 
the end of this time, test the dialysate (outside fluid) for protein by 
the biuret or triketohydrinden hydrate reactions given below. Those 
thimbles giving negative results are retained to be tested for their per- 
meability to peptone. The shells permitting the passage of protein 
cannot be used in the test. 

Select those thimbles showing impermeability to protein and wash 


* Abderhalden recommends that this protein be tested with ninhydrin before being 
used in any test. This is a vital point. 
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_them thoroughly in water. Place in them 5 «ce. of a 1-1,000 solution of 

Witte’s or, preferably, peptone from silk (peptone La Roche) and add 
sufficient toluol to cover the solution. Dialyze as above against 20 c.c. 
of distilled water, placing the apparatus in the incubator for 18 hours 
at 37° C. Those thimbles which permit the passage of peptone, as shown 
by the triketohydrinden hydrate tests, are kept for use in these tests 
and the non-permeable ones are laid aside. The properly tested and 
selected thimbles are then preserved in water overlaid with toluol. 

Technic.—Remove a few pieces of the coagulated protein from the 
container, wash in distilled water and dry between filter paper.* Break 
this up into very smal] bits or grind up in a mortar. Weigh out three 
portions of 14 gram each. Place 14, gram in each of three tested dialyz- 
ing thimbles in such a way that none of the material touches or remains 
upon the top or outside of the shells. Carefully wash off the outside 
of the thimble by means of a stream of distilled water or hold it under 
running water. This is done to remove any possible adhering protein, 
which would vitiate the test later made. Now add to Tube No. 1, 1 to 
1.5 e.c. of clear hemoglobin-free serum to be tested. Withdraw this 
serum from its container by means of a sterile graduated pipet. Over- 
lay the surface of the mixture in the thimble with toluol. Then place 
this thimble in a sterile dialyzing tube, as described above, containing 
20 c.c. of distilled water, which should stand slightly higher than the 
fluid in the thimble. Overlay the external fluid with toluol and plug 
the dialyzing vessel] with cotton to prevent contamination. Place the 
apparatus in the incubator at 387° C. for 18 hours and then test the 
dialysate for peptone, as outlined below. 

Controls ——Charge Thimble No. 2 with 1% gram of thyroid protein 
and 1 ce. of serum of a known positive control. Overlay with toluol 
and arrange as above. 

Charge Thimble No. 3 with 1% gram thyroid protein and 1 c.e. of 
a known negative serum or with the inactivated (heated to 60° C.) 
serum used in the test. 

A further control should be run, using 1 ¢.c. of the serum alone with- 
out the addition of protein, to prove that it does not contain any 
dialyzable substances which will give the later reactions. 

The tests with all of these controls are carried out exactly as the 
test itself, every precaution being taken to prevent the introduction of 
errors. The tests for cleavage products of protein are made with one 
of the following tests, the latter being in some respects preferable. 

(a) The Biuret Test.—This was the test formerly employed by Ab- 
derhalden and has some advantages, one being that it does not react 
with certain dialyzable products not infrequently present in the serum 
of normal subjects. It requires considerable care and skill in manipu- 
lation as well as in interpretation. Doubtful results are very frequent 
unless every precaution is taken. 

Remove about 10 c.c. of the dialysate by means of a pipet, dipping 

* Test the material before use with the triketohydrinden hydrate reaction. Abso- 


lutely no trace of a blue coloration should be obtained. 
VOL. II—14. 
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below the toluol. Place this in a test-tube and add 5 c.c. of a 33 per 
cent. sodium-hydrate solution. Mix by careful shaking and add very 
carefully, drop by drop, from a buret a very dilute (0.25 per cent.) 
solution of copper sulphate in such a way that a distinct contact ring 
is formed. If peptone is present, a violet-red to a pure red contact 
ring will be observed, sharply differentiated from the lower colorless 
and upper blue solutions. This is a positive reaction. A negative re- 
sult is shown by the appearance of a distinctly blue ring. It is not 
the simplest matter to distinguish between the various shadings which 
oceur, so that one must not make his decision without having had some 
experience in differentiating the colorations obtained with pure protein 
and peptone solutions. 

(b) The Triketohydrinden Hydrate Reaction.—This reagent occurs 
in colorless crystals readily soluble in water. It may be obtained under 

CO 


the trade name of ninhydrin. Its formula is C,H, < » C(OH),. 


CO 

It is of especial importance that every precaution be taken to prevent 
error when this reagent is used, as reactions may arise from the pres- 
ence of substances which are not at all associated with the hydrolytic 
products of protein material. This reagent is not by any means specific, 
even for albumin, peptone or amino-acids, although it was formerly be- 
lieved that it reacted only with substances containing an amino and a 
carboxyl group, the former especially in the a position. It has been 
shown that there are a large number of compounds which are not in 
a ehemical sense combinations with amino and carboxyl groups and 
which, nevertheless, give very characteristic reactions. Among these 
we find amins; amino-aldehyds; urea derivatives; amino-sulphonic 
acids; ammonium derivatives of certain organic acids, dicarbonyl com- 
pounds and halogen-aldehyds; ammonium compounds of thiosulphurie, 
oxysulpharsenic and selenic acids; ammonium formate, ammonium thio- 
lactate, ete. Of special importance is the fact that a very small amount 
of basic products of putrefactive origin will give a decided reaction 
(hence the importance of using every means to prevent decomposition 
of the tissue). 

Certain further precautions are essential. If any of the original 
protein is left on the outside of the dialyzing thimble, a very obvious 
error will arise. If the serum used contains amino-acids, the amount 
must be determined by depth of color with the ninhydrin. One must 
avoid the presence of acid or ammoniacal fumes in the laboratory. Strong 
alkalis cause, in themselves, a coloration with the reagent, while dilute 
alkalis may decolorize the solution. Acids prevent the appearance of 
the blue color and will destroy the color already formed, even in the 
presence of a large amount of reacting material. It must be insisted, 
therefore, that the fluid to be tested be absolutely neutral. Further, 
all vessels and pipets must be absolutely clean and the water used must 
be free from bacteria. 
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Remove 10 c.c. of the dialysate by means of a pipet dipping below the 
toluol and place this in a large test-tube. Add 0.2 c.c. of a 1 per cent. 
aqueous solution of triketohydrinden hydrate. Heat rapidly to the boil- 
ing point and keep the mixture boiling for 1 minute. If the reaction 
is negative, the solution remains colorless or becomes, at most, light 
yellow. If the reaction is positive, a deep blue color will appear either 
immediately or on allowing the tube to stand for a short time. After 
use, the thimbles should be washed thoroughly in running water and 
then placed in boiling water for not over 15 seconds. 

The reaction is carried out in the same way with the control tubes. 
Tube 2 should show a distinct positive reaction, while Tube 3 should 
give a negative result. The tube with serum alone should show a nega- 
tive reaction, but occasionally it is positive, owing to the presence of 
a large amount of amino-acids in the serum as drawn. If the controls 
are all positive, the test is, of course, valueless, as some factor has been 
imperfectly controlled. 

4, Test or CLAUDE, BAUDOUIN AND PoRAK FOR HYPERTHYROIDISM.— 
These observers ® have described the use of the extract of the posterior 
lobe of the pituitary in the diagnosis of latent hyperthyroidism. This 
extract was obtained by the action of alcohol at 70° upon the pituitary 
powder, which was dried and freed from fat. The alcohol was evaporated 
and the residue dissolved in normal salt solution. The strength of the 
solutions used was such that 1 ¢.c. was equal to one-half of a posterior 
lobe of a beef’s pituitary, corresponding to 0.5 gram of pituitary 
powder. 

They found that the subcutaneous injection in normal cases produced 
a marked reaction, pallor, glycosuria, diarrhea and acceleration of the 
heart. The blood-pressure remained the same or was lowered. When 
injected into cases of hyperthyroidism the results were the same with 
the exception of the cardiovascular effects. In normal cases the accelera- 
tion of the pulse commenced two or three minutes after the injection 
and reached a maximum in 10 to 15 minutes. Then the increased fre- 
quency diminished, and in about twenty minutes the pulse-rate was 
normal. In the cases of hyperthyroidism the pulse, which was rapid be- 
fore the injection of the pituitary extract, decreased very quickly from 
eight to ten beats. This decrease was reached in about two minutes, 
sometimes four or six, or rarely ten, and lasted from seven to eight 
minutes, returning, as a rule, to a rate markedly below the rate previous 
to the injection. 

This bradycardia effect they think is due to stimulation of the vagus 
nerve, while its effect in the cases without existing hyperthyroidism is 
on the accelerator sympathetic. In the cases of hyperthyroidism there 
exists a tachycardia due to hyperexcitation of the sympathetics, and on 
account of this state of hyperexcitation these nerves do not react to 
the pituitary extract. The nerve endings of the vagus which are not 
excited feel the full effect of the pituitary stimulation and the heart 
is slowed. 

9, METABOLISM Srupies as a Test FoR HyprertTHyRowism.—It has 
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long been known that there exists a markedly augmented catabolism 
in cases of hyperthyroidism.‘ The respiratory interchange shows an 
increase of 50 per cent., 70 or 80 per cent. in the amount of oxygen 
consumed.® 

Du Bois ® has found that the increase in metabolism is strictly pro- 
portional to the severity of the clinical symptoms. 

The development of apparatus for measuring the respiratory ex- 
change of man has proceeded along two lines. In one type the subject 
is completely enclosed in a chamber; in the other, the subject is at- 
tached to the respiration apparatus by means of some breathing ap- 
pliance. The chamber type includes the respiration apparatus of Petten- 
koffer and Voit,’° Sondén and Tigerstedt,’? Jaequet,’* and Grafe,'* the 
Atwater-Benedict 1* respiration calorimeter and the apparatus of the 
Nutrition Laboratory." The open-circuit apparatus are represented by 
the apparatus of Speck,?® Zuntz-Geppert,!’ Tissot'® and Douglas.'® The 
closed-circuit apparatus include the two types of the Benedict ?° ap- 
paratus, Rolly 's*! modified Benedict apparatus and that of Krogh.”? 

The respiration calorimeter used at Bellevue Hospital has heen de- 
scribed by Lusk ** and by Riche and Soderstrom.”* 

(a) Clinical Respiration Apparatus of Benedict.2°—The clinical 
respiration apparatus in its finished form consists of (1) a respiration 
chamber, suitably illuminated and ventilated, in which the subject may 
lie comfortably upon a cot; (2) a universal respiration apparatus with 
a rotary blower for ventilating the chamber, an absorbing system for 
purifving the air of carbon dioxid and water, and a suitable oxygen 
supply ; (3) accessory apparatus in the form of thermometers, barometer, 
and apparatus for recording the pulse-rate and the degree of muscular 
repose. 

In this deseription of the clinical respiration apparatus, it is advan- 
tageous to consider, first, the universal respiration apparatus. 

(b) Universal Respiration Apparatus.—The universal respiration 
apparatus, which was developed in the Nutrition Laboratory at Boston, 
has been used in a considerable number of researches. In principle 
the respiration apparatus is designed to supply the chamber with a mov- 
ing volume of air, absorb the carbon dioxid in the outcoming air, replace 
the oxygen consumed by the subject, and return the air again to the 
chamber with a chemical composition not materially unlike that of atmos- 
pherie air. 

In the process of purification the carbon dioxid in the air 1s com- 
pletely absorbed, the amount excreted by the subject being determined 
by the increase in weight of the absorbing vessels. Thus gas analyses, 
with their attendant difficulties of technic, are unnecessary. The oxygen 
consumption is quantitatively determined directly by noting the amount 
it 1s necessary to introduce into the respiration chamber in order to 
secure the same volume of air in the chamber at the beginning and end 
of the experiment, due allowance being made for changes in tempera- 
ture, pressure, and volume of water-vapor. 

The air, as it leaves the chamber, contains the carbon dioxid and 
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water given off by the subject and is also deficient in oxygen, owing 
to the oxygen required for combustion in the subject’s body. The out- 
coming air is forced by the positive rotary blower into the absorbing 
system and passes first into an empty glass Williams bottle, which serves 
as a trap to prevent any back suction of acid in case of an accident. The 
air then passes into a large Williams bottle, containing concentrated 
sulphuric acid, and from there into a smaller Williams bottle, also filled 
with acid, which acts as a control. The water-vapor is thus completely 
removed, but the carbon dioxid still remains. On reaching the valve, 
the air passes into either one of two sets of purifying systems, consist- 
ing of soda-lime and sulphuric-acid bottles. The carbon dioxid is com- 
pletely absorbed by the soda-lime and the water given off by the moist 
soda-lime is also removed by the sulphuric acid in the second vessel. In 
certain instances it is desirable, particularly in long experiments, to in- 
sert two soda-lime bottles. 

After the air leaves the carbon-dioxid absorbing system through 
the valve, it passes through a can containing sodium bicarbonate, to 
remove the smal] unweighable traces of acid vapor, which might other- 
wise irritate the nose and throat of the subject, and then continues into 
the respiration chamber. 

Theoretically, oxygen may be admitted at almost any point in the 
air-circuit, but here it is represented as being introduced from a large 
cylinder through a meter at a point in the pipe, connecting the spirometer 
or tension-equalizer with the chamber. Variations in the volume of the 
air in the chamber are corrected by means of a spirometer. In describ- 
ing the various parts of the universal respiration apparatus more in 
detail, it seems desirable to follow the course of the ventilating current. 

Blower.—A most satisfactory blower, under the specification No. 
O.-D. Rotary Compressor, can be secured from the manufacturers 
in a surrounding iron box which is suitable for an oil immersion 
bath. It is a positive blower, in that the air withdrawn from the chamber 
may be forced through a considerable number of layers of sulphuric 
acid and soda-lime contained in suitable vessels. The rotary blower is 
connected by a leather belt to a small electric motor, and can be pro- 
vided with a safety clutch to prevent the reversing of the wheel through 
carelessness and the drawing over of sulphuric acid from the water-ab- 
sorbers. This latter feature has been found of advantage, although 
the safety trap has usually prevented the drawing over of the acid into 
the blower. The speed of the blower may easily be altered by a simple 
lamp resistance, these blowers usually giving a suitable ventilation—not 
far from 35 liters per minute—when rotating at the speed of 270 revo- 
lutions per minute. 

Acid Trap.—To prevent the possibility of drawing back strong sul- 
phurie acid into the delicate mechanism of the blower, an empty glass 
bottle is inserted in the system. While almost any form of bottle can 
be used for this purpose, it has been convenient to employ an empty 
reversed Williams bottle. 

Water Absorbers.—The air leaving the respiration chamber contains 
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a large amount of water-vapor from the lungs and skin of the subject. 
Before the carbon dioxid produced by the patient is absorbed, it is im- 
portant to remove this water-vapor entirely from the air. The cur- 
rent is therefore first passed through two or more bottles containing 
sulphuric acid. Usually one large-sized Williams bottle is sufficient to 
collect nearly all of the moisture, but this is followed by a second bottle, 
which retains the last traces of water-vapor. To facilitate handling 
and to prevent breakage, each bottle is usually enclosed in a small wire 
basket with a handle, by means of which it may be suspended directly 
from a hook on the arm of the balance. When these two Williams bot- 
tles are used, it is possible to retain the first one in the circuit until the 
acid and water have so increased in volume as to render them liable 
to be carried over mechanically into the second bottle. As much as 
100 or 200 grams of water-vapor may be absorbed before a change is 
required; it is fundamentally important, however, to note that this 
second Williams bottle, as well as the water absorber following the car- 
bon-dioxid absorber, must not increase in weight more than 10 grams 
before being renewed, and should be controlled by frequent weighing. 

Tubing and Piping.—The Williams bottles, as well as the soda-lime 
bottles for absorbing the carbon dioxid, are fitted with short lengths 
of rubber tubing of good quality, to which are attached respectively 
male and female parts of ordinary garden hose couplings of the standard 
3/-inch size (approximately 19 mm. internal diameter). The couplings 
are, therefore, interchangeable with different forms of apparatus. With 
a standard rubber hose gasket, the couplings can be made air-tight by a 
simple twist of the hand. All of the piping throughout the apparatus 
is of standard %-inch (approximately 15 mm. internal diameter) pipe. 

Two-way Valve.—In order to deflect the main air-current from one 
set of purifiers to the other, it 1s necessary to have a two-way valve. All 
of the valve connections are of this type. <A long steel rod connects 
the two valves in such a way that by throwing the handle at one valve, 
both are simultaneously turned and the air-current instantly deflected 
from one set of purifiers to the other. 

Carbon-diorid Absorbing System.—The most effective absorbent for 
earbon dioxid is slightly moist soda-lime. The soda-lime containers are 
wide-mouthed glass bottles. Each bottle contains 2 kilograms of soda 
lime, capable of absorbing not less than 75 grams of carbon dioxid, and 
weighs, when filled, about 4 kilograms. The dry air in passing through 
the moist soda-lime absorbs moisture, and it must, therefore, be dried 
again, which is done by passing it through the Williams bottle. 

Either series of carbon-dioxid absorbers may be used as desired, for 
if the air-current has been passing through the first series for a given 
experimental period, the air can be instantly deflected through the other, 
by turning valves simultaneously. The combined increases in weight of 
the absorbers represent the amount of carbon dioxid absorbed. It is pos- 
sible that the amount of water-vapor given up by absorbers to the 
dry air passing through it may be actually more than the amount of 
carbon dioxid absorbed, so that the bottle may lose in weight. On the 


FUNCTIONAL TESTS OF ENDOCRINE GLANDS 215 


other hand, the water-vapor given up is immediately absorbed, and 
hence the algebraic sum of the weight of the two bottles gives the weight 
of the carbon dioxid absorbed. Usually both bottles are weighed on 
a balance at the same time. 

The moisture in the soda-lime is essential to the efficiency of the ab- 
sorbent. The amount of water absorbed by the air-current from the 
soda-lime and collected in the Williams bottle may be determined by 
weighing the Williams bottle separately. If the soda-lime is re-moist- 
ened with the same amount of water that has been lost, the absorbent may 
be considerably regenerated. It has been found practicable to add the 
water through a funnel inserted in the intake of the soda-lime bottle 
at the end of each day’s experimentation. By the next morning the 
experiment can be carried on as usual. 

Although moist soda-lime is a most efficient absorber of carbon dioxid, 
yet it has been thought desirable to test the completeness of absorption 
by the insertion of a small flask containing a solution of barium hy- 
droxid, in such a manner that, by opening the pet-cock, a portion of the 
air from which the carbon dioxid has presumably been absorbed may be 
deflected through the barium hydroxid solution, where the slightest trace 
of carbon dioxid is indicated by a turbidity. 

As the amount of carbon dioxid given off by the subject is deter- 
mined by noting the increase in weight of the soda-lime vessels with its 
attendant Williams bottle, the degree of absolute moisture in the air 
when it enters the soda-lime bottle and leaves the Williams bottle should 
be identical. If, however, the sulphuric acid in the Williams bottle 
which follows the soda-lime container, is allowed to accumulate water 
to such an extent that its efficiency as a water-absorber is somewhat less 
than that of the Williams bottle, preceding the soda-lime container, it 1s 
obvious that there would be a loss of water from the system as a whole 
and the amount of carbon dioxid thus measured would actually be too 
small by the amount of water escaping ahsorption. Conversely, if the 
air is not so dry before it enters the soda-lime bottle as when it leaves 
the Williams bottle following, there will be an undue increase in the 
weight of the carbon-dioxid absorbing system, owing to the excess water 
absorbed. If the routine with the Williams and the soda-lime bottles 
is carried out as previously outlined, no difficulty is experienced, but it 
is advantageous occasionally to test the efficiency of the apparatus for 
absorbing carbon dioxid and water-vapor. Consequently in blank tests, 
i.e., with the apparatus in operation but with no subject inside, it is 
advisable to weigh the sulphuric-acid and soda-lime vessels separately, 
and continue passing the air through the system for half an hour. Un- 
der these conditions, the loss in weight of the soda-lime vessel should, 
of course, be exactly counterbalanced by the increase in weight of the 
accompanying Williams bottle. 

Sodvum-bicarbonate Can.—In order to absorb the unweighable traces 
of acid fumes which may remain in the air after it has been carried 
through the Williams bottles, it is necessary to insert in the air-circuit a 
small can filled with dry sodium bicarbonate and cotton batting. This 


216 FUNCTIONAL DIAGNOSIS 


completely removes the acid fumes and does not affect the determination 
of the carbon dioxid or of the oxygen in anv way. The sodium bicar- 
bonate does not need frequent renewal, the amount used remaining effi- 
cient for approximately a vear’s experimenting. 

Orygen Supply.—The point at which the oxygen is introduced may, 
of course, be varied according to the conditions under which the appa- 
ratus is to be used. The direct determination of the amount of oxygen 
absorbed by the subject may be made either by introducing it from a 
small evlinder of the gas and noting the loss in weight during the experi- 
ment, or by passing the oxygen through an exceedingly delicate and 
accurate gas meter. These small cylinders weigh, when filled, about 
3 kilograms, and contain about 150 grams of oxygen with a purity of 
about 98 per cent. 

One of the greatest difficulties in using these cylinders has been the 
selection of a suitable valve, that furnished on the evlinder by the manu- 
facturer being difficult to utilize, owing to the high pressure under which 
these evlinders are filled. Formerly recourse was had to one of the 
numerous types of reduction valves, but a thorough test of these showed 
no valve which would functionate properly for a long period. One or 
two types of needle valves have been found which are much less expen- 
sive and give a Satisfactory closure. Such a needle valve is coupled to 
the exit of the cylinder, then closed, and the main valve on the cylinder 
is opened to its fullest extent. The issuing gas may then be very deli- 
eately regulated by means of the needle valve. With so high a pressure . 
it is obvious that the packing around the main valve stem should be ex- 
cellent so as to give no opportunity for leakage of air. The valves may 
be tested by immersing the evlinder and valve in water or by weighing 
the evlinder carefully on a balance, and then again an hour later; any 
loss of oxygen between the two weighings will be instantly apparent. 

Extended experience in respiration experiments has shown that the 
respiratory exchange is absolutely unaffected by increased oxygen per- 
centages and even by the respiration of pure oxygen, but if the oxygen 
percentage 1s lowered to 11 or 12 per cent., respiratory disturbances 
are apt to appear. 

Gas Meter—From many standpoints, the use of a small weighable 
evlinder of oxygen is to be recommended. On the other hand, there 
are certain advantages in using an accurately calibrated gas meter 
under such conditions as to preclude excessive temperature fluctuations. 
Benedict and his associates generally employed a large cylinder of 
oxygen with a needle valve, conducting the gas through a carefully cali- 
brated meter of the type devised by Bohr. This meter registers 5 liters 
for each complete revoiution of the drum and may be read directly to 
00 ¢.c. Constructed of britannia metal, it may, without injury, be com- 
pletely immersed in water in a large aquarium vessel and so leveled as to 
be easily read. The corrections for temperature changes are minimized 
by this immersion in water. It is not possible, of course, to control the 
barometric fluctuations and the meter readings should, therefore, be 
corrected not only for the average of the temperature fluctuations obtain- 
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ing throughout the experimental period, but also for the average changes 
in the barometer. For relatively short periods, this can best be done by 
using the temperature readings taken at the beginning and end of the 
period, and the barometer readings taken at the same time. 

The meter is calibrated by the method of weighing the gas delivered 
from an oxygen cylinder. Many tests of this type of meter show that, 
when properly installed, it gives admirable results, and when a long 
series of experiments is contemplated, its use is strongly recommended. 
A small, weighable cylinder of oxygen is required in either method, since 
such a cylinder is necessary for the calibration of the gas meter. 

The oxygen, leaving the cylinder, first passes through the small bottle 
of water, which is immersed in the tank containing the gas meter. This 
serves to saturate the oxygen with water, for in its compressed state it 1s 
extremely dry. 

Spirometer or Tension-Equalizer.—Although an absolute temperature 
control is theoretically possible with this apparatus, thus securing a con- 
stancy in the apparent volume of the air in the closed system, it is prae- 
tically impossible to prevent slight temperature fluctuations, and these, 
together with the unavoidable and uncontrollable fluctuations in the 
barometric pressure, indicate the necessity for some form of tension- 
equalizer which will insure atmospheric pressure in the chamber. For 
this purpose a small spirometer is used. When a mouthpiece or nose- 
pieces are employed with the universal respiration apparatus instead of 
the chamber, the entire air-current passes through the spirometer, and 
sundry devices are attached to it for tracing graphically the volume of 
each respiration and for indicating the total ventilation of the lungs. 
When the respiration chamber is used, however, it is not necessary for 
the air-current to pass through the spirometer; consequently, the three- 
way valve is closed to the spirometer and direct connection is made 
between the spirometer and the respiration chamber by means of a pipe. 

As commonly used on the universal respiration apparatus, the spirom- 
eter has a content of about 21% liters. During the development of the 
clinical chamber a considerably larger spirometer was employed which 
held approximately 514 liters, but more recent testing of the apparatus 
has shown that the standard size is amply sufficient for the purpose. 
With a small spirometer there is always a possibility that a patient 
may suddenly make a violent or extended muscular movement inside 
the chamber, such as in turning over, throwing off the bed clothes, or 
unduly moving the arms or legs, which would produce an expansion of 
air that would lift the bell of the spirometer above its normal limits 
and out of the water, thus causing a leakage of air. The danger of such 
an accident may, of course, be avoided by the use of a larger spirometer, 
but only rarely would even a large subject make such extraneous muscu- 
lar movements as would produce this effect. Two practical methods may 
be employed for preventing it, even with a small spirometer. One is 
to place a weight of 80 grams on the bell of the spirometer when it is 
rapidly rising, thus immediately lowering it; the weights can be removed 
when the conditions inside the chamber have again become normal, An- 
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other expedient is to place a bar across the top of the spirometer guide 
supports in such a manner as to prevent the bell from rising high enough 
for air to escape. With the use of such devices when necessary, we feel 
confident that a spirometer with the ordinary volume of 31% liters is 
sufficient for use with the clinical chamber. Furthermore, experimental 
periods in which the muscular activity was sufficient to expand the air 
unduly would be of little, if any, value. With the use of the small 
spirometer, however, the operator should take care that no air is lost 
through an undue elevation of the spirometer bell or the admission of 
an unnecessarily large amount of oxygen. 

The exact height of the bell should be recorded at the beginning and 
end of each experimental! period by noting the position of a pointer at- 
tached to the counterpoise and traveling over a vertical millimeter scale. 
The spirometer bell is delicately counterpoised so as to give zero pressure 
at approximately a middle point of the scale. There is no particular com- 
pensation device used in connection with this spirometer to allow for 
the variations of the metal displaced as the bell enters or leaves the 
water; consequently there are—theoretically at least—slight alterations 
in the tension with the different positions, so that it is advantageous to 
have the bell in nearly the same position at the beginning and end of 
each experimental period. The oxygen supply is then shut off and the 
bell gradually sinks. It is highly desirable that at the end of each 
period the bell should always be sinking, and thus in part compensate 
for the slight alteration in tension. More recently we have found it 
advantageous to move the counterpoise rod up or down by hand at the 
exact end of the period, until the very delicate petroleum manometer 
indicates that there is no pressure. At this point the reading is taken 

Manometer.—The smal] oxygen consumption and the large volume 
of the respiration chamber with its accessory parts make the influence of 
slight changes in temperature and pressure of great moment in measur- 
ing the total oxygen consumption. Consequently it 1s essential to note 
the exact pressure inside the chamber. This 1s assumed to be atmos- 
pheric, but it is possible that the spirometer does not respond instantly 
to slight changes in pressure; accordingly it is more efficacious to use 
a very delicate manometer. This manometer is of the type employed by 
Pettersson and Sonden in their gas-analysis apparatus and indicates 
the slightest alteration in atmospheric pressure. It consists of a glass 
tube bent in the form of an are and containing a drop of petroleum oil. 

Balances.—The carbon-dioxid elimination is determined with this 
apparatus, not by means of gas analyses, as is customary, but by accu- 
rately weighing the soda-lime bottle and its accompanying Williams 
bottle. These two absorbers have a combined weight of not far from 5 
kilograms, and since approximately 10 to 15 grams of carbon dioxid may 
be produced in a half-hour period, it is necessary to weigh these two 
vessels to within 0.05 gram.* The balance, covered with a glass case 

“ The specifications for the Sauter Precision Balance are as follows: Patent Pre- 
cision Balance Nos. 7, 11, 10 kilos., with aluminum beam and iron support, black 


enameled. The sensitivity with full load is usually 0.01 gram, which is much better 
than the manufacturers claim. 
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to protect it from drafts of air, is placed in a suitable location in the 
laboratory and used for weighing both the soda-lime bottles and Williams 
bottles, also the small oxygen cylinders required when calibrating the 
gas meters. 

Barometer.—One of the most important factors in the accurate meas- 
urement of the oxygen consumption is a knowledge of the temperature 
and of the barometric conditions obtaining inside the large respiration 
chamber at the end of the experimental period. From a consideration 
of the volume of the chamber, amounting to about 550 liters, it will 
be seen that a change of 0.1 millimeter in pressure corresponds to 
a variation in volume which, as will appear later, affects the measure- 
ments of the oxygen consumption by about 72 c.c. Accordingly we 
recommend the use of the highest grade standard barometers, with 
special illumination and lens attachment to read to 0.05 mm. Indeed, 
it can be said that one prerequisite of the successful use of the respira- 
tion chamber is a barometer with an exceedingly high degree of ac- 
curacy. The necessity for an accurate barometer and the significance 
of the barometric measurements become greater, the shorter the experl- 
mental period. If one is dealing solely with periods of two or more 
hours, an ordinary barometer, reading to 0.1 or 0.2 mm., would be suffi- 
ciently exact for the purpose, but when one attempts to make the 
experimental periods as short as one-half hour, the most exact barometric 
measurements are necessary. 

Connections of the Apparatus with the Respiration Chamber.—The 
universal respiration was primarily designed for the study of the re- 
spiratory exchange by using nosepieces or a mouthpiece. When the 
three-way valve is turned and the coupling is connected with the pipe 
at a point in the line, the universal respiration apparatus is ready for 
accurate tests with nose or mouth-breathing. All that remains is to 
turn the three-way valve at the proper moment so as to connect the 
mouth of the subject with the air-pipe. With the clinical respiration 
chamber, however, the apparatus is used in an entirely different manner. 
The main ventilating current of air, instead of passing continuously 
through the spirometer, is so deflected by a valve as to pass directly 
from the chamber to the rotary blower without passing through the 
spirometer. Furthermore, the returning air, instead of passing along 
to the spirometer, goes directly to the chamber. With this form of 
connection, therefore, the pipe serves simply as a lead from the chamber 
directly to the spirometer, which is no longer a part of the ventilation 
circuit, but has become a true expansion chamber connected with the 
large respiration chamber. 

Respiration Chamber.—The respiration chamber is the new part of 
the clinical respiration apparatus, although here again this is, in a cer- 
tain sense, but an elaboration of the smaller chambers used for small 
animals or, more especially, a modified form of the chamber of the bed 
calorimeter. From the clinical standpoint the chamber is the most 
important feature of the apparatus. 

In designing the respiration chamber an effort was made to secure 
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the perfect comfort of the subject, suitable illumination, absence of 
psychical unpleasantness or suggestion of confinement and, at the same 
time, as small a volume of extraneous air as is consistent with these 
prerequisites. It was necessary that it should be so arranged as to be 
quickly opened and closed, and that it should be capable of ample venti- 
lation, not only as to the renewal of the air, but as to the movement 
of the air inside the chamber. Finally, it should be so constructed as 
to permit quick temperature control. 

To meet these conditions a chamber was constructed of sheet cop- 
per, 0.5 mm. thick, in two parts—a base consisting of the bottom of 
the chamber together with a deep water seal, and the cover of the 
apparatus. The inside of the chamber is 200 cm. long and 65 em. wide. 
The cover is curved and so constructed that it rests in the water seal; 
the closure between the cover and the base is therefore air-tight.* The 
highest point of the cover is 52 em. from the bottom and the radius 
of curvature of the top is 34 em. The pipe which leads directly to the 
spirometer or tension-equalizer, and provides for the sudden expansion 
or contraction of the air inside the chamber, enters through the cover 
near the ventilating fan. 

The base is substantially mounted on wooden supports. Through 
the bottom are conducted the pipes for the ventilating air-current, in- 
eluding the intake pipe and the outgo pipe. Three small tubes also 
project through the bottom. These may be used for connection with 
the stethoscope, the pneumograph, or for any other purpose. 

There are. in addition, several] openings in the cover of the apparatus. 
A window of plate glass is placed in a recess of the cover and made 
thoroughly air-tight with physicist’, wax. This may be easily tested 
at any time by pouring 1 c.c. of water over it. Provision is made for 
the insertion of the thermometers and psychrometer and for the insu- 
lated connections for the electric fan used inside the chamber. In the 
top of the cover is a small water-sealed opening, which may be used 
to pass in or take out small objects, such as a clinical thermometer, a 
glass of water, urine bottles or similar articles. This small opening, or 
hand-hole, is of much practical benefit, also in removing the cover from 
the apparatus, for if this hand-hole is not opened, it is practically im- 
possible to lift the cover of the apparatus out of the water seal, owing 
to the atmospheric pressure. By simply removing the cover of the hand- 
hole the entire cover of the apparatus may be lifted off in a few seconds 
without disturbing either the thermometers or the electrical connections. 
Experience has shown that it is possible to converse freely with the occu- 
pant of the chamber without a telephone, and the large window immedi- 


* As the water sea] has considerable depth, the apparatus may he adjusted for 
large subjects by lifting the cover at either end, or as a whole, by means of the 
pulley arrangement referred to later in giving the routine of an experiment, or 
by supports placed in the water seal. In thus increasing the volume of the chamber 
it is necessary only to make sure that the depth of water over the lower edge of the 
cover is sufficient for the complete exclusion of air. This will be found especially 
convenient in cases of obesity or for heart cases. Usually it will be sufficient to 
lift only the head end of the cover. The increase in the apparent volume of the 
chamber is readily corrected by a simple calculation. 


FUNCTIONAL TESTS OF ENDOCRINE GLANDS 221 


ately above the subject gives an appearance of light and freedom, with 
absence of psychical disturbance, which is very much to be desired. 

With this hermetically sealed chamber it is obviously necessary to 
provide for a ventilating air-current and oxygen supply, unless the 
principle of Kaufmann ”° is employed and the carbon dioxid is allowed 
to accumulate. This respiration chamber lends itself admirably to tests 
by the latter method, if they are desired, as the spirometer which is 
directly connected with the chamber allows for an expansion of the air 
without loss .of carbon dioxid or a diminution of air. Such an experi- 
ment is, of course, limited by the increment of the carbon-dioxid per- 
centage. In actual practice, however, we invariably ventilate the 
chamber by means of the universal respiration apparatus already de- 
scribed. Final adjustment of the pressure inside the chamber is obtained 
by means of the petroleum manometer. 

Circulation of Air Inside the Chamber.—To provide a gentle move- 
ment of the air, which shall aid in the temperature control, the air in 
the chamber should be allowed to mix thoroughly, and comfortable con- 
ditions for the subject should be maintained. A rotary air impeller, of 
a standard type, should be installed inside the cover of the chamber. 
The discharge from the blower is directed toward the curvature of the 
top in such a way as to blow directly on the wet bulb thermometer and 
provide for the maximum air movement and equalization of both tem- 
perature and composition of air. It is necessary to operate this blower 
a half-hour before the experiment begins so that it may be thoroughly 
heated to its ordinary running temperature. 

Temperature Measurements and Control.—An accurate and rapid 
temperature control for this chamber is of fundamental importance, even 
more important, in a sense, than the comfort of the subject; for to obtain 
an exact measurement of the oxygen consumption, the difference between 
the average temperature of the air inside the chamber at the beginning 
and that at the end of an experimental period must be accurately 
known. Theoretically an electrical resistance thermometer is to be 
preferred for obtaining these temperatures. As it was undesirable 
to complicate the apparatus further by the addition of an electric 
equipment of this type, four good mercury thermometers, graduated in 
0.1° C., have been used and found to serve the purpose admirably. These 
are placed at different points in the chamber. The average readings of 
these four thermometers give a most satisfactory measurement of the 
average temperature of the air in the whole chamber, particularly when 
the subject has been in muscular repose for at least ten minutes prior to 
the final reading. 

To control the temperature normally, the temperature environment 
of the room is held at such a point as to allow for a rate of normal, 
heat radiation which will keep the temperature of the air inside the 
chamber not far from 22° to 23° C. In winter this is readily accom- 
plished by a simple adjustment of the windows in the room. In summer 
it is more difficult, but for the greater part of the year it has been 
found practical to reduce the heat when necessary by placing a piece 
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of moist cheesecloth over a portion of the top and directing the current 
of an ordinary electric fan over the surface. In all but the hottest 
days of the summer this method has proved most satisfactory. In any 
event, the rapid movement of a current of air over the outside surface 
of the chamber, either with or without the use of the damp cheesecloth, 
assists greatly in the temperature regulation. As will be seen later, 
however, the distribution and sensitivity of the thermometers are such 
as to compensate for considerable temperature change without affecting 
the measurements. 

Method of Recording the Pulse-rate—An accurate record of the 
pulse-rate is of fundamental importance in all metabolism experiments. 
The usual method employed for such measurements, and the method 
which is used in the experiments with the clinical respiration apparatus, 
is for an observer to listen to the heart-beat through a Bowles stethoscope 
attached to the chest of the subject. Connection with the ear piece used 
by the observer is easily made without change in the air-content of the 
chamber, by means of one of the small tubes passing through the bottom 
of the apparatus. 

Methods of Testing the Apparatus —The universal respiration appa- 
ratus and chamber just described, although extremely simple in principle, 
nevertheless has certain complexities. For experiments with patients, 
therefore, it is necessary to test completely the feasibility of the apparatus 
for measuring or indicating the several factors. Tests for the efficiency 
of the absorbing vessels have already been described in connection with 
the detailed description of the universal] respiration apparatus. Since 
this method of measuring the respiratory exchange involves a closed 
ventilating air circuit and depends upon the measurement of the amount 
of oxygen introduced, any leakage of air either into or out of the 
chamber would vitiate the whole experiment. It is, therefore, of prime 
Importance to know that the apparatus is absolutely air-tight so that 
when the cover is properly in place, no air can enter or leave the 
circulating air-current. Fortunately such tests are very readily made 
with this type of apparatus. 

Tests for Tightness.—It will be seen that the entire ventilation 
current is in a closed circuit, the tension-equalizer or spirometer 
allowing the volume to expand or contract according to the variations 
in temperature, pressure or actual volume of air inside the system. By 
reading the millimeter scale over which the pointer on the spirometer 
bell passes, variations in the apparent volume of the air in the chamber 
may easily be noted. 

To test the tightness of the apparatus, the various parts are connected 
as in an experiment with a subject, and the ventilating air-current 
started. After the first few minutes, during which the air throughout 
the whole system will be attaining equilibrium, the bell on the spirometer 
should reach a constant level, and thereafter the volume of air should 
remain absolutely constant unless affected by changes in temperature 
or atmospheric pressure, these being indicated by the readings of the 
barometer and the several air thermometers. If the changes in the 
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position of the spirometer bell cannot be accounted for by temperature 
or barometric changes, there is obviously a leakage of air into or out of 
the system, usually the latter. This may be found by testing the universal 
respiration apparatus and the chamber separately. 

To test the efficiency of the universal respiration apparatus, especially 
when trying:-to locate a leakage of air, a water manometer, consisting 
of two glass tubes connected at the bottom by a short bit of rubber tubing 
and attached to a suitable standard, is found advantageous. With this 
device the slightest leak in any individual portion of the apparatus can 
readily be detected by applying pressure with a bicycle pump. When 
the respiration apparatus has been properly installed, with accurately 
fitting rubber gaskets and connections, and suitable inspection is given 
from time to time, there is no occasion for leakage, and such an occur- 
rence can invariably be ascribed to faulty technic. 

To find whether or not the defect is in the chamber, the two venti- 
lating pipes may be shut off, leaving the chamber connected only with the 
spirometer. Under ideal conditions, with no temperature or barometric 
changes, the volume of the spirometer will remain constant for an 
indefinite length of time. To hasten the detection of a leak, one may 
place approximately 80 grams in weights upon the top of the spirometer 
bell and thus produce a slight pressure in the chamber. With the semi- 
circular window used in the earlier development of the chamber, leaks 
were occasionally found between the wax and the sheet of celluloid used 
for closure, but none were detected at any other point in the cover. In 
the first base constructed, a leak was found by pouring gasoline into the 
base and noting where it escaped. The openings were so small that they 
could not be detected by the use of water, as it would not pass through 
them. Under ordinary conditions, if properly constructed, the chamber 
remains absolutely tight indefinitely, but it is desirable to inspect 
occasionally the wax closure of the window. 

In tests for leakage, temperature and barometric changes are invari- 
ably to be expected, and hence it is necessary to compute the volume of 
the chamber and make corrections for these changes. The volume of the 
chamber may be found by simple computations based upon the dimen- 
sions of the chamber or by the chemical method of introducing a weighed 
amount of carbon dioxid from a smal] bottle of the liquefied gas and then 
computing the volume of the chamber from an analysis of the gas. For 
all practical purposes the method of computing the volume from the 
dimensions of the chamber is sufficiently accurate. 

In testing the respiration chamber, weights have been placed not 
only upon the top of the spirometer bell, but likewise on the counterpoise 
of the spirometer, so as to produce a negative pressure; indeed, tests 
have been made with weights in both positions. Even when there is an 
increased pressure inside the chamber there is no interchange of air 
between the enclosed volume in the chamber and the outside air, thus 
showing that, when properly constructed and tested, the apparatus is 
independent of external atmospheric conditions. 

In actual experimenting, the spirometer is connected in series with 
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the chamber and delicately counterpoised, so that the air in the chamber 
is practically under atmospheric pressure. Indeed, measurable differ- 
ences between the pressure in the chamber and the atmospheric pressure 
are not detected save by the cxtremely delicate petroleum manometer. 

The significance of a leak should be especially emphasized, for if 
the volume is reduced by the loss of air out of the system, oxygen is 
added to take the place of the air thus lost. As the oxygen introduced is 
measured by the meter and is considered as having been consumed by 
the subject, it will be seen that such loss of air vitiates the accurate 
measurement of the oxygen consumption. Conversely, if air leaks into 
the system the amount of oxygen added and measured is too small. So 
far as the respiration chamber itself is concerned one may confidently 
state that, with proper construction, neither of these disadvantages may 
be expected. 

Control Tests —MWaving tested separately the universal respiration 
apparatus and the respiration chamber, and having found them tight, 
it is necessary to demonstrate further the efficiency of the apparatus for 
measuring the respiratory exchange, and particularly the respiratory 
quotient, by making a series of control tests. The control tests used for 
the clinical respiration apparatus are, in the main, of two types, either 
chemical tests in which definite quantities of aleohol or ether are burned 
inside the chamber, or physiological tests with animals either fasting or 
after surfeit feeding, 

Alcohol Check Tests.—The use of ethyl] alcohol of known composition 
for testing the accuracy of respiration chambers is of long standing. 
The alcoho] test may be used in two ways: When the respiratory 
quotient is alone of interest, alcohol mav be burned in the chamber, 
and from the ratio between the carbon dioxid produced and the oxygen 
eonsumed, the accuracy of the apparatus for studying the respiratory 
quotient is determined. Thus the theoretical respiratory quotient of 
alcohol 1s 0.667. In other words, for every liter of oxygen absorbed in 
the combustion of alcoho) there should be produced 667 ¢e.c. of carbon 
dioxid. In this type of test if is unnecessary to note the weight of 
alcohol burned, as only the ratio between the oxvgen and the carbon 
dioxid is desired. This test is made very rapidly, and if there is a leak 
in the chamber or an error in the oxygen introduction or in the absorption 
of carbon dioxid, the respiratory quotient of the aleohol will be distinetly 
affected. 

The second type of aleohol test ineludes the measurement of the 
amount of alcohol introduced. From the weight of aleohol used, together 
with its specific gravity and percentage composition, the theoretical value 
for the carbon dioxid produced and the oxygen consumed may then be 
computed, and these values in turn compared with those actually found 
by measurement with the respiration chamber. 

Determination of the Carbon-diorid Production —The determination 
of the carbon-dioxid production by this apparatus is theoretically 
extremely siinple, since it is based solely upon weighing the carbon- 
dioxid-absorbing vessels before and after the experimental period. That 
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the entire carbon-dioxid production of a man is thus found rests upon 
two assumptions: first, that the change in weight of the bottles is due 
solely to the carbon dioxid given off; and second, that the quantities of 
carbon dioxid remaining in the air inside the chamber are the same at the 
beginning and end of each period. 

In considering the first assumption we should emphasize the fact that 
the technic must be such as to make sure that the air is dried to the same 
degree before it enters the earbon-dioxid absorbers as it is when it leaves 
the following Williams bottle or water-absorber. Extensive experience 
in the laboratory work in the past has shown that errors of this nature 
are absent, with proper attention to the amount of water allowed to 
accumulate in the Williams bottle. 

With regard to the second assumption, namely, the constancy in the 
amount of carbon dioxid remaining in the air in the chamber, it will be 
seen that this depends in large measure upon the relationship between 
the carbon-dioxid production and the rate of ventilation of the chamber. 
With a normal ventilation of 35 to 45 liters per minute and with a 
regular carbon-dioxid production, repeated tests, based upon accurate 
analyses made in connection with control tests of this apparatus as well 
as of the bed calorimeter, show that the variations in the residual carbon- 
dioxid in the chamber are pract‘cally negligible. If, on the other hand, 
the subject 1s more or less restless and there are material differences in the 
amount of carbon dioxid produced from hour to hour, residual analyses 
are essential. Complicating the experimental procedure by residual 
analyses is, however, to be avoided, if possible. 

In a large majority of the experiments, the subject is in complete 
muscular repose, and comparison experiments should be made only under 
these conditions, With the subject in complete muscular repose, there 
is but little variation in the metabolism from hour to hour, and the 
assumption that the residual carbon dioxid remains constant holds true. 
Accordingly, if there are changes in the residual carbon-dioxid, these are 
occasioned by such muscular activity as would exclude completely the 
use of the results for any practical purpose. 

It is perhaps especially fortunate, however, that so far as the deter- 
mination of the respiratory quotient is concerned, material variations in 
residual carbon-dioxid are essentially without effect. If, for example, 
there 1s an increment of one-half liter of carbon dioxid inside the 
chamber during the experimental period, obviously the absorption of 
carbon dioxid in the soda-lime bottles will be one-half liter too small. On 
the other hand, the space occupied by the additional carbon dioxid in 
the chamber would normally have been filled by the admission of one-half 
liter of oxygen, and hence there is a similar deficit of one-half liter in 
the oxygen measured, the two errors essentially compensating. For all 
practical purposes, therefore, the measurements of the residual carbon 
dioxid may be entirely neglected without sacrificing in anv way the 
accuracy in determining the respiratory quotient, even if complete 
muscular repose is not secured. 


Determination of the Oxygen Consumption.— While the determination 
VOL, 11.—15. 
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of the carbon-dioxid production is very simple in theory and reasonably 
simple in practice, the determination of the oxygen consumption requires 
a much more complex procedure. Theoretically, nothing is simpler 
than measuring the oxygen admitted to the chamber as the subject 
lies breathing normally, but practically the criterion of the amount of 
oxygen admitted is the position at which the spirometer bell remains, 
Thus at the end of an experimental period the aim is to have the 
same apparent volume inside the chamber as at the beginning of the 
period, but even though the apparent volume remains constant, there 
are several factors which influence this volume. Those of temperature 
and pressure are obvious, but correction can readily be made for 
them from the temperature readings and accurate barometer readings 
provided for. It has already been pointed out in the preceding section 
that any changes in the carbon-dioxid residual in the chamber reduces 
the oxygen admitted, but it is important to note that even this sub- 
stitution of carbon dioxid for oxygen is without material effect upon 
the respiratory quotient. We have also to consider the possible varia- 
tions in the measurement of the tension of aqueous vapor inside the 
chamber, 

Measurement of the Tension of Aqueous Vapor.—The volume occu- 
pied by the water-vapor inside the chamber may fluctuate with the 
changes in temperature and, indeed, with any changes in the amount 
of water vaporized from the lungs and skin of the subject, even during 
repose. These variations are not best expressed in cubic centimeters of 
water-vapor Inside the chamber, but, for the purposes of computation, 
they are more advantageously designated as tension of aqueous vapor 
in millimeters of mercury, the amount of this tension being deducted 
from the observed readings of the barometer. Instead of determining 
the tension of aqueous vapor by the gravimetric method, 1.e., by absorb- 
ing water-vapor in U-tubes containing sulphuric acid, we depend upon 
an accurate psychrometer comprised of wet and dry bulb thermometers, 
graduated in 0.1 degrees C. and capable of being read with a lens to 
0.01 degree C. By means of the small blower suspended on the inner 
side of the cover of the chamber, the air 1s blown with considerable 
velocity directly over the bulbs of the thermometers. The degree of 
depression of the temperature of the wet bulb over that of the dry bulb is 
carefully noted and then, from standard psychrometric tables, the tension 
of aqueous vapor is computed. 

The validity of this method of measuring the water-vapor was tested 
In several ways: first by introducing a second wet and dry bulb 
psychrometer in the main ventilating air-current as it left the chamber ; 
and finally by removing definite volumes of air and passing them over 
U-tubes containing sulphuric acid and pumice stone. While it was 
obviously impossible to secure absolutely the same degree of humidity 
at each point of measurement, nevertheless, when fluctuations occurred, 
the curves were all parallel and showed that the psychrometer, as 
installed, gave accurate results. Before each experiment the wet-bulb 
thermometer was removed and thoroughly drenched with distilled water 


FUNCTIONAL TESTS OF ENDOCRINE GLANDS 227 


with which its reservoir was filled. Under these conditions most satis- 
factory results were obtained. 

Temperature Measurements.—While theoretically an electrical resist- 
ance thermometer with a series of coils distributed in various parts of 
the cover would be ideal, tests made with a large number of accurate 
thermometers placed at different points in the chamber showed that. 
average temperature conditions could be obtained by reading the 
temperature recorded by the thermometers. Even with the subject 
lying inside the chamber, when the small blower on the interior wall was 
running at a moderate speed, the temperature conditions throughout the 
chamber, as indicated by the thermometers suspended at different points, 
seemed to be constant. We have in one case the warm body surface of 
the subject, which has a temperature of approximately 32° C., and in the 
other the copper cover, which is in immediate contact with the room 
gir and has a temperature of not far from 20° C. Since, in many 
instances, local cooling on the surface of the chamber is necessary, this 
extraneous temperature may be as low as 18° or even 17° C. In spite 
of these measurable differences in temperature at different points of 
the apparatus, all of the thermometer readings showed essentially the 
same curves for temperature fluctuations and proved that the average 
temperature changes in the chamber from the beginning to the end of 
the period were accurately given with the four thermometers noted ; 
supplementary thermometers did not in any way alter the values of these 
differences. 

From a rough calculation it can be seen that since the chamber has 
a capacity of approximately 550 liters, a difference of 1° C. would 
correspond to an increase in the volume of about 2 liters. As the 
temperatures are read and the differences computed to 901° C., we may 
therefore assume that the average error for temperature variations is 
probably not far from 20 to 30 cc. of air. This, of course, applies directly 
to the measurement of the oxygen consumed, and is a recogni:'ed error in 
the measurement of this factor. On the other hand, when an experi- 
mental period continues for 30 minutes, which is at present the minimum 
length, this probable error amounts to but 1 c.c. per minute, or about 
0.5 per cent. of the total oxygen consumption. 

Measurement of Barometric Pressure.—By the same method of com- 
putation as that outlined in the preceding paragraph, it can be seen 
that each millimeter change in the barometer corresponds to approxi- 
mately 700 c.c. of air. Accordingly barometric measurements shou'd 
be made with the very greatest care, preferably to 0.05 millimeter, this 
corresponding to an error of approximately + 39 c.c. for each individual 
period. Obviously the temperature of the barometer with the correction, 
therefore, is recorded each time, and from the barometer readings is 
deducted the value for the tension of aqueous vapor obtained from the 
readings of the psychrometer as computed from the psychrometric 
tables. 

Summary of Errors in the Measurement of the Oxygen Consumption. 
—The measurement of the oxygen consumption is, therefore, subject to 


228 FUNCTIONAL DIAGNOSIS 


the following errors: errors due to the variations in the residual amounts 
of carbon dioxid in the chamber at the end of the period; errors due to 
changes in the temperature and the barometer; and errors in the 
determination of the tension of aqueous vapor. 

As we have already seen, the errors due to variations in the residual 
amounts of carbon dioxid in the chamber are negligible and play no 
réle in the computation of the respiratory quotient, our main objective. 
The barometer can be 1ead to 0.05 mm.; taking into account the volume 
of the chamber (550 liters), this error of reading will correspond to a 
possible error of + 35 c.c. in the measurement of the oxygen. The 
thermometers are read and recorded to 0.01° C. as the average of the 
several thermometers, the possible variation corresponding to a like 
variation in the oxygen measurement of + 20 to + 30 ce. Finally the 
psychrometer is also read to 0.01° C., and with the best psychrometric 
tables we are assured of an accuracy of but 0.05 mm., giving us still 
another possible error of + 35 ¢.c. Should a plus error occur in all 
three factors, namely, the readings of the barometer, thermometers 
and psychrometer, a maximum error of not far from 100 ee. in the 
measurement of the oxygen consumption for the period would be con- 
celvable. It is obvious that in actual practice there will be the usual 
compensation. 

It will, therefore, be seen that the longer the experimental period 
and the greater the amount of oxygen under consideration, the less will 
be the influence of these errors upon the measurement of the oxygen 
consumption. And yet, as has been frequently demonstrated with a 
subject in complete muscular repose, remarkably regular metabolism 
measurements—including not only the measurement of the earbon-dioxid 
production and the oxygen consumption, but lkewise the determination 
of the respiratory quotient—may be obtained in one-half hour periods. 
We may fairly say, therefore, that with a quiet subject results obtained 
in half-hour periods are perfectly reliable. 

Routine of an Erperiment.—The subject should be lying upon the 
bed of the respiration chamber not less than ten minutes before the 
cover is put in place. This is especially necessary if the subject has 
been unusually active or has walked about considerably prior to the 
experiment. The stethoscope should be attached and records of the 
pulse-rate begun immediately, as the best index of the quiet condition 
of the subject is the pulse-rate, which should have practically reached a 
level before the experiment is begun. The ideal condition for a subject 
is complete relaxation and muscular repose, with a minimum, regular 
pulse-rate. The subject may lie either on his hack or his side as, in this 
type of apparatus, a fixed position of the head is not necessary. Inas- 
much as there is always a slight warming of the ventilating blower 
inside the chamber, due to the passage of the electric current through it, 
the blower should be started as soon as preparations are begun for the 
experiment, as the longer the blower runs before the experiment begins, 
the better will be the results obtained. The subject should be fully 
dressed, including stockings and shoes: in addition, a pair of woolen 
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socks should be drawn over the shoes, for it has been the experience of 
most subjects that if any discomfort is felt it is from a sensation of 
coolness about the feet, ankles and the lower part of the legs. This is 
due to the fact that the air inside the chamber is always moderately 
dry, i.e., with a relative humidity of about 60 per cent., and is kept in 
rapid circulation by the fan blower. The sensitivity of the movable 
bed may be determined either by pressure with the hand or, more 
accurately, by dropping a known weight from a certain height upon the 
bed and noting the amplitude of the marking upon the kymograph 
record. After the soda-lime bottles and the Williams bottles have been 
examined to make sure that they have not become exhausted or will not 
become exhausted before the experiment is over, the cover is lowered 
with the hand-hole open. It has been found practical to suspend the 
cover with two cords running through pulleys and to counterpoise it in 
part to assist in lowering it into place. When the cover is in position, 
the counterpoise weight is removed so that the cover rests solidly in the 
water seal on the base of the chamber ; the cover of the hand-hole is then 
put into place. 

As it requires some time for the atmospheric conditions inside the 
chamber to become constant, it has been found advantageous to delay 
starting the ventilation throughout the air-cireuit for approximately 
15 minutes. During this time the carbon dioxid accumulates inside the 
chamber until if amounts to approximately 0.3 to 0.4 per cent. of the 
volume of air. The moisture likewise accumulates to some extent. At 
the end of 15 minutes the rotary blower is set in motion and the air- 
current begins to circulate. The several thermometers and the psy- 
chrometer are then read. The temperature of the room should be 
adjusted by opening the doors or windows, so as to establish temperature 
equilibrium as soon as possible, for with a quiet, resting person the 
difference between the temperature of the room and that in the chamber 
is approximately 3° C. As soon as temperature equilibrium has been 
obtained—and this is usually inside of 15 or 20 minutes after the 
ventilation has been started—temperature readings are taken, a simul- 
taneous reading of the barometer 1s made, and the position of the 
spirometer bell is accurately recorded. The valves are then turned. 

While the spirometer is so counterpoised as to give 0 in one position, 
it is not an exact counterpoise, and slight differences occur. It is 
desirable, therefore, for the operator, while reading the position of the 
spirometer bell, to hold the counterpoise of the spirometer lightly in the 
hand in such a manner that the petroleum in the manometer registers 
exactly 0 at the time that the spirometer is read. If this adjustment 
is made at the end of each period, the slight differences in the position 
of the spirometer bell are compensated. From the average temperature 
readings, the barometer readings and the record of the position of the 
spirometer bell, the apparent and real volume of the chamber can be 
computed, the weight of the subject being taken into consideration, and 
due allowance made for the displacement of air by the body of the 
subject. 
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During the entire time the motor is running, carbon dioxid is being 
removed from the chamber in both the preliminary period and the main 
experimental period. This removal of the carbon dioxid causes a 
diminution in the volume of air in the chamber. In the preliminary 
period this may be compensated by an increase in the temperature and 
the spirometer bell will thus remain in essentially the same position 

as at the beginning or, as is usual, oxygen is introduced to maintain 
the spirometer bell in a median position. It should be noted, however, 
that no measurement of the oxygen introduced during the preliminary 
period is necessary, as only the amount added during the actual experi- 
mental period to maintain the spirometer bell at or about its original 
position is of importance. The amount of air residual] in the chamber 
at the end of each period, as determined by the measurements of the 
temperature, the barometer, the psychrometer and the actual height of 
the spirometer bell, is taken into consideration in the final computations. 

The manipulation of the universal respiration apparatus has been so 

frequently and fully discussed that it seems unnecessary to give further 

details here. 

The length of the experimental periods may vary considerably. 
Theoretically the longer the experimental period, the more reliable will 
be the results, for all errors in the readings of the thermometers and 
the barometer are minimized when extended over a long period. Prac- 
tically, however, it is very desirable, especially with subjects in the 
postabsorptive condition, ie., without food, to shorten the experimental 
periods as much as possible. Our observers have proved repeatedly 
that with quiet subjects, especially when they are asleep, determinations 
with a high degree of accuracy can be made jin one-half-hour periods. 
In a large number of cases, after a preliminary period of 35 to 40 
minutes, it is possible to secure three successive one-half-hour periods 
with the greatest uniformity in results. If the subjects ure restless—and 
particularly if the restlessness occurs toward the end of the experimental 
period—the temperature and moisture are materially affected, and the 
experimental periods must, in consequence, be extended. While it is 
always a question whether it is advisable to attempt any observations 
with patients as restless and conditions as disturbed as in such eases, 
vet as a rule patients, as well as normal individuals, almost always become 
drowsy during an experiment and are inclined to fall asleep. The air 
inside the chamber is constantly in motion, the atmosphere is cool and 
pleasant, there is no odor, and the psychical conditions are, in general, 
most beneficial and satisfactory. Benedict has recently described a 
new form of portable respiration apparatus for elinical use. Pearce 
has also described a clinical method for determining the respiratory 
exchange.”’ 

6. Tur ACETONITRIL Test oF Retp Hunt ror HYperTuyrolpismM.— 
Reid Hunt ** found that mice, when fed upon thyroid gland, developed 
an increased resistance to acetonitril or methyl cyanid (CH,CN). 
This substance is toxic, chiefly on account of slowly liberating hydro- 
cyanic acid in the body. Hunt found that this reaction was specific 
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for thyroid and more delicate than any chemical test, and on this 
basis suggested this increased resistance to acetonitril as a delicate 
test for thyroid substance and as a means of determining whether there 
is an increased amount of thyroid secretion in the blood in cases of 


hyperthyroidism. 

He applied the test to three cases of hyperthyroidism. The blood 
in one of these cases had a marked effect in increasing the resistance 
of mice to acetonitril, indicating an excess of thyroid secretion. The 
second case was doubtful, and the third negative. 

The test is carried out by giving to mice 1 or 2 ¢.c. of blood made 
up with meal in the form of cakes, for 9 or 10 days before testing with 
acetonitril, using controls. One-fourth mg. of acetonitril per gram of 
body weight of mouse may be fatal to a normal animal in a few hours. 

Hunt’s findings have been corroborated by Trendelenburg ’® and 
Ghedeni.*® Trendelenburg and also Lussky *' claim that the blood of 
cats gives the test, even after removal of the thyroids. 

This method has not been sufficiently tested as yet to be used clinic- 
ally. A complicating factor is the variations in the natural resistance of 
animals and the possible variations in the amount of thyroid in the 
blood under normal conditions. 

7. Tue EpInePpHRIN Myopriasis Test or LOEW! FoR HyPERTHYROID- 
1sM.—Loewi found in pancreatectomized animals, in human diabetes, 
and in cases of hyperthyroidism that the instillation of 1: 1,000 solution 
of epinephrin produced a dilatation of the pupil. He proposed this 
procedure as a test for hyperthyroidism, and claimed that the internal 
secretion of the thyroid and suprarenal are synergistic, both acting by 
stimulating the sympathetic nervous system; therefore, in cases of 
hyperthyroidism the sympathetic system is in a state of increased 
irritability and the dilator fibers of the iris governed by the sympathetic 
respond abnormally to the action of epinephrin. Falta and Zak have 
corroborated this finding. Eppinger, Falta and Rudinger found an 
increased epinephrin mydriasis in dogs fed on thyroid, and Eppinger 
and Hess reported the test positive in cases of hyperthyroidism. De Laet 
has also studied this test.®? 

8. THE Skin Reaction oF Goetscn FoR Hypertiyroipism.44?—In 
this test 8 minims of a 1: 1,000 solution of epinephrin are diluted with 
an equal quantity of sterile water and injected hypodermically into 
the arm. There is formed at once an area of blanching around the 
point of injection, and about the margin of this usually a red areola 
gradually shading off into the surrounding tissue. In about half an 
hour the center of the white area becomes bluish-gray to lavender, and 
at the end of about a half hour to two hours the red areola takes on 
the bluish or lavender color, while that in the center disappears. This 
lavender areola remains for about four hours from the time of injection 
and is the most characteristic part of the test. Accompanying the 
local reaction there may be an increase in pulse-rate, with palpitation 
of the heart and an exaggeration of the tremor and nervous symptoms in 
general, 
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Tests for Hypothyroidism.—THeraprevutic Test ror HyporHyrow- 
isM.—The diagnosis of a state of hypothyroidism is easy in typical cases, 
but the latent cases present a more difficult problem. The therapeutic 
test at present is the only one available and consists in the administration 
of thyroid extract. It is best carried out by giving tablets of desiccated 
thyroid gland, containing 114 to 5 grains of the gland. The dose is 
given three times a day, and gradually increased, care being taken not to 
produce tachycardia, sweating, diarrhea or nervousness, which are signs 
of intolerance. If the case is one of hypothyroidism, the symptoms will 
disappear or show improvement in about two weeks. 


e 


Piturrary Bopy 


Tests for Hyperpituitarism.—a1. Diagnosis or HyYperpIiTurrarisM 
BY MEANS OF THE INCREASED GAs EXCHANGES.—The respiratory ex- 
changes in cases of acromegaly have been studied by Magnus-Levy, 
Salomon, Bernstein and Falta. Falta claims that the cases so far studied 
do not show a consistent increase in gas exchanges in acromegaly as is 
the case in hyperthyroidism. Magnus-Levy, Salomon and Falta all 
agree that if the hyperpituitarism is uncomplicated by disorder of other 
glands of internal secretion (as thyroid) there is no increase in the gas 
exchanges. 

2. DEMONSTRATION OF SPONTANEOUS AND ALIMENTARY GLYCOSURIA 
As A TEST FoR ITYPERPITUITARISM.—Marie, who first described that con- 
dition of hyperpituitarism called acromegaly, showed that it is often 
accompanied by temporary or permanent glycosuria. Borchard, in an 
analysis of 176 cases, found spontaneous glycusuria reported in 63 and 
alimentary glycosuria in 8, In Falta’s 8 cases there was spontaneous 
or alimentary glycosuria in 5. 

The test for provocative alimentary glycosuria is carried out as 
described under functional diagnosis of diseases of the liver, page 94. 
The glucose test has been most frequently used in testing the tolerance 
for carbohydrates in cases of suspected hyperpituitarism. 

Tests for Hypopituitarism.—In the functional diagnosis of hypo- 
pituitarism the opposite condition in relation to gas exchanges and 
glycosuria obtains, as compared with hyperpituitarism. In hypopitui- 
tarism the same tests are applied as for hyperpituitarism. The results are 
the opposite, i.e., the gas exchanges will be diminished, and glycosuria— 
spontaneous and alimentary—will be negative. 


ADRENAL GLANDS 


Tests for Hypo-adrenalism.—1. Srercenr’s Waite ApRENAL LINE 
AS A TEST FOR ADREN\L INSUFFICIENCY.—Emil Sergent ** has described 
this vasomotor phenomena as a test of adrenal insufficiency. He selects 
the skin of the abdomen, and traces on it a geometrical figure—a rec- 
tangle, triangle or cross—thus doing away with possible confusion with 
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lines caused by folds of the skin, ete. The rounded end of a fountain pen 
is a good instrument for tracing the figure. The figure should be made by 
a simple superficial stroking; one must not bear down or scratch the 
abdomen. The motion should be deliberate and not rapid. Sergent 
claims that a too early appearance of an outline is always a sign of 
clumsiness, as such treatment strikes and suppresses the vasomotors, thus 
interfering with the reaction. 

When the tracing has been made, all movement on the part of the 
patient is prohibited. After half a minute a pale line or band begins 
to be noticed, following the course of the pen. Gradually this becomes 
more and more distinct and white, at the same time becoming larger, 
so that eventually the line exceeds in size the actual area touched by 
the pen. This white line attains its maximum clearness in the course 
of about one minute, and persists for one, two or even three minutes 
before being gradually obliterated. This constitutes the reaction in well- 
defined cases of adrenal insufficieney. Sergent finds the lighting plays 
an important part in the technic, as in bright daylight or sunlight, or 
even in bright electric light, it is sometimes difficult to see the white 
line. For this reason, after making the tracing, the sheet or clothing 
should be drawn in such a way as to cast a light shadow. On account 
of the influence of the presence of clothing and such, before making 
the test, the patient should be put at rest for at least 15 minutes with 
the abdomen free and but lightly covered. 

Sergent considers his so-called ‘‘ligne blanehe surrenale’’ as due to 
the hypotension brought about by the hypo-adrenia. Jt is known in 
arterial hypotension that there is present a peripheral vasodilatation ; 
when a slight stimulation of the skin is produced, vasoconstriction 
replaces the vasodilatation, with the resulting white line. 

Massalongo ** has studied the reaction produced, not by scratching 
the skin with the nail, but by rubbing it lightly with the finger tip or 
some blunt rounded instrument. Out of 400 cases of various diseases 
he found the white line in an unequivocal form in 30 eases, and even 
then often in a transitory and irregular manner; and of these, 22 were 
cases of typhoid and paratvphoid fever, which constituted 120 of the 
whole number. His observations led him to the conclusion that diminu- 
tion of the angiotonic function and cardiotonic power may exist without 
the presence of the white line and of other symptoms of suprarenal 
inadequacy, and that arterial hypotension, asthenia and collapse are 
not the exclusive function of this inadequacy, since they occur in the 
course of acute infective diseases independently of it. He found the 
presence of the line always associated with arterial hypotension and 
frequently with other symptoms attributable to suprarenal derangement, 
which, on the other hand, may exist without its presence. Hence by its 
rarity, inconstancy and transiency, by its presence or absence in equal 
proportion in eases where changes in the suprarenal capsules were 
indisputable, the white line can only be credited with a relative diagnostic 
importance and significance and cannot be considered as pathognomonic. 
It has, however, some value from a prognostic point of view, since its 


99 


234 FUNCTIONAL DIAGNOSIS 


maximum frequency is met with in cases of serious import, with almost 
invariably a fatal issue. 

2. Test ror HyPo-ADRENAL FUNCTION By MEANS OF INCREASED SUGAR 
TOLERANCE,—It was shown by Eppinger, Falta and Rudinger *° that cases 
of Addison’s disease (hypo-adrenalism) had an increased tolerance for 
sugar. Polak ** found that 2 mg. doses of epinephrin did not produce 
glycosuria in a case of Addison’s disease, while it did so in normal per- 
sons. On these findings this method for determining the presence of 
hypo-adrenalism has been developed. 

The methods for determining the sugar tolerance may be found on 
page 94, in the section on Liver Function Tests. 

Tests for Hyperadrenalism.—1. Tue DeviaTION OF COMPLEMENT 
AS APPLIED TO DIAGNOSIS OF JIYPERADRENALISM.—The complement- 
fixation test has been applied by Polito and Corelli ** to the diagnosis of 
hyperfunction of the suprarenal glands, using an alcoholic extract 
of the suprarenal gland as an antigen. Their results were not con- 
elusive. 

2. THE ENRMANN-MELTZER REACTION AS A TEST FOR HYPERADRE- 
NALISM.—Meltzer and Auer,®® Wessely 4° and others found that when 
epinephrin is applied to the frog’s eye dilatation of the pupil is pro- 
duced. Ehrmann ‘*' suggested this reaction as a test for epinephrin. He 
found it acted upon the dilator fibers of the iris in a strength of 1 to 
20,000,000. Recent investigations have shown that other substances than 
epinephrin, contained in blood-serum, will produce the same reaction. 
For this reason the reliability of this test has been questioned. 

3. Tests For HlyYPERADRENALISM BY MEANS OF SuGAR CONTENT OF 
THE Bioop.—It is well known that a hyperglycemia is present in cases 
of Iryperadrenalism. Therefore, the presenec of an excess of sugar in 
the blood, provided that other causes of hyperglycemia ean be excluded, 
Is suggestive of hyperadrenalism. It is also known that in cases of 
hyperadrenalism that the subcutaneous injection of 1 or 2 milligrams of 
epinephrin is followed in one-half to two hours by a glycosuria lasting 
three hours and accompanied by a hyperglycemia. 

During the past few years several methods have been published that 
are applicable for the clinical estimation of sugar in blood. We shall 
describe the Bang method, the Lewis-Benedict method and the Epstein 
method. 

(a) Micromethod of Bang for Estimation of Sugar in Blood.— 
Principle.—Two or three drops of blood are transferred to a small, 
weighed piece of blotting paper, and the paper again weighed to deter- 
mine the amount of blood. The paper is then treated with boiling 
acidified KC) solution, which coagulates the protein and allows the sugar 
to diffuse out. The sugar solution thus obtained is boiled with alkaline 
cupric chlorid solution, The amount of cuprous chlorid formed by the 
reducing action of the sugar is determined by titration with standard 
iodin solution. 

Procedure.—--Small pieces of good absorbent paper, about 16 x 28 mm. 
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in size,* weighing about 100 mg. and held by a small spring clip, are used. 
To one of these previously weighed ** pieces of paper transfer 2-3 drops 
(about 120 mg.) of blood obtained by piercing the cleansed finger. 
Weigh again immediately and determine by subtraction the weight of the 
blood taken. 

Coagulation of Blood-protein.—Transfer the piece of paper to a test- 
tube and add 6.5 e.c. of boiling acid-potassium chlorid solution + and 
let stand half an hour. The clear solution containing the sugar is poured 
into a 50 c.c. Jena flask, the flange of which has been removed. Wash 
the paper and tube again with 6.5 «.c. of hot salt solution and transfer 
washings to the flask. Cool. 

Reduction of Cupric Chlorid.—Attach to the mouth of the flask a 
piece of tight-fitting rubber tubing about 2 inches long, provided with a 
elamp which permits of shutting off the contents of the flask from the 
outside air. Now add to the flask 1 ¢.c. of the cupric chlorid solution. 
Heat so that the solution is brought to a boll in 1 minute and 30 seconds 
(an error of 5 seconds may be disregarded). Allow to boil for exactly 
2 minutes. At the end of this time tighten the clamp over the mouth of 
the flask ; at the same time remove from the flame and cool at once under 
the tap for about a minute. 

Titration of Cuprous Chlorid Formed.—The titration is made with 
N/200 iodin solution § run in from a very accurate buret (preferably 
a 2 «ec. buret graduated in 1/50 ¢.c.). Two or three drops of starch 
solution (preferably soluble starch tt are added as an indicator. During 
the titration air must be excluded to prevent reoxidation, This is done 
by running a slow stream of carbon dioxid from a’ generating bottle 
through a small tube which extends nearly to the bottom of the flask. 
The titration should be carried out against a white background and the 
end point taken when the blue color persists for 20-30 seconds. 

Calculation—The copper and other solutions used in the test bind 
about 0.12 ¢.e. of the iodin solution. This amount must hence be 
subtracted from the reading. The corrected reading is then divided by 
4 to obtain the number of milligrams of glucose in the sample. 

* Suitable pieces of paper, weighed, ready for use, and with clip attached, are 
purchasable. Unless specially prepared, the paper should be repeatedly washed with 
large volumes of hot water, acidified with acetic acid to remove impurities, 

** The weighing is preferably made on a special torsion microbalance which, as 
well as the other apparatus used in this method, may be obtained from either of 
the firms mentioned in the preceding footnote. The weighing must be done in a few 
seconds and with an accuracy of about 1 mg. 

t Consisting of 1,360 ¢.c. of saturated KCl, to which is added 640 cc. of water 
and 1.5 ¢.c. of 25 per cent. HCl. 

t Copper solution. Introduce into a 1,000 c.c. flask 700 ¢.c. of boiled and cooled 
water. Warm to ahout 30° C. and add 160 grams of pure potassium bicarbonate 
in powder form. When dissolved, add 66 grams of pure KCI, Cool and then 
add 100 grams potassium carbonate. Finally add 100 c.c. of 4.4 per cent. solution 
of pure crystalline copper sulphate. Let stand a short time, then bring to the mark 
with boiled water. Allow to stand a day or so before using. 

§ N/200 I solution, made fresh each day. Dilute N/10 I solution 20 times, or 
make as follows: Introduce into a 100 e.c. flask 2 grams KI, 1-2 c.c. of 2 per cent. 
KIO, solution and 5 cc. of N/10 HCl. Bring to the mark with boiled and cooled 


distilled water. 
tt A 1 per cent. solution of Kahlbaum’s soluble starch in a saturated KCl solution. 
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68 —0.12 _ 

7 = 
0.14 mg. glucose in the amount of blood used. If 140 mg. of blood 
were taken for analysis the per cent. of glucose in the blood would be 
oe x 0.14 mg. = 0.1 per cent. glucose. 

The results obtained by this method are a little higher than those 
obtained by other reliable methods due to the presence of certain I-bind- 
ing substances in blood. As these appear to be nearly constant in amount, 
a correction may be applied. To obtain true value for glucose of the 
blood, therefore, 0.015 per cent. should be subtracted from the value ob- 
tained as above: 0.1 per cent. — 0.015 per cent. = 0.085 per cent. glucose. 

To secure accurate results the method of Bang must be rigidly con- 
trolled, all new solutions and absorbent papers being checked up against 
pure 0.2 per cent. glucose solutions. Taylor and Hulton * also suggest 
the following precautions: A blank check must be made on the reagents 
each day an estimation is made. 0.010-0.15 gram of blood should be 
taken and must spread smoothly on the paper. The proteins are best 
coagulated by heating the blood-impregnated papers in the hot air oven 
at 100° C. (as recommended by Gardner and McLean **) for 5 minutes 
with the corks of flasks inverted. The solution should be boiled 4 minutes 
for complete reduction. The iodin solution must be fresh daily and 
checked each day. Determinations should be made in triplicate. Results 
cannot be depended upon to be more accurate than to 0.005 gram glucose 
in 100 ¢.c. blood. Other authors have recommended that an hour instead 
of half an hour be allowed for the diffusion of the blood sugar, the fluid 
being brought to the boiling point twice during this period or kept in a 
bath at 40° C. 

(b) Leurs-Benedict Method ** of Estimation of Sugar in the Blood.— 
Principle—The red color obtained by heating a glucose solution with 
picric acid and sodium carbonate is employed as the basis of the colori- 
metric determination. The blood protein is removed by precipitation 
with picric acid. 

Procedure.—Two c.c. of blood are aspirated through a hypodermic 
needle * and a piece of rubber tubing into an Ostwald pipet, a little 
powdered potassium oxalate in the tip of the pipet preventing clotting. 
The blood is drawn up a little above the mark and the end of the pipet 
is closed with the finger. After the rubber tubing and needle are 
disconnected, the blood is allowed to flow back to the mark and is dis- 
charged at once into a 25 c.c. volumetric flask containing 5 ¢.c. of water. 
The contents of the flask are shaken to insure thorough mixing and the 
consequent hemolysis of the blood. Then 15 e.c. of saturated aqueous 
solution of picric acid are added, as well as a drop or two of alcohol 
to dispel any foam, and the contents of the flask are brought up to the 

*It may be more convenient to draw about 5 c.c. of blood directly into a test- 


tube containing a little finely powdered potassium oxalate and to remove 2 ec. por- 
tions of this with the Ostwald pipet. 





Ezxample.—If 0.68 c.c. of N/200 I solution were eeaaited 
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mark with water and then shaken. After filtration, 8 c.c. aliquots are 
measured out into large Jena test-tubes for duplicate determinations. 
Two c.c. of saturated picric acid and exactly 1 c.c. of 10 per cent. sodium 
carbonate are added (as well as two glass beads and 2 or 3 drops of 
mineral oil), and the contents of the tube are evaporated rapidly over 
a direct flame until precipitation occurs. About 3 ¢.c. of water are 
added; the tube is again heated to boiling to dissolve the precipitate; 
the contents of the tube are transferred quantitatively to a 10 ce. 
volumetric flask,* cooled, brought up to the mark, shaken, and then 
filtered through cotton into the chamber of a Duboscq colorimeter. The 
color is compared at once with that obtained from 0.64 mg. of glucose, 
5 c.c. of saturated picric acid, and 1 ¢.c. of 19 per cent. sodium carbonate, 
when evaporated to precipitation over a free flame and diluted to 10 e.e. 
as was the unknown, or with the picramic acid standard mentioned 
below.** 
Calculation.—If directions are followed exactly the calculation is as 
follows: 
reading of standard 


reading of unknown ar erams 


Milligrams glucose in unknown = 


of glucose in standard. 

(c) Pearce’s Modification of Lewis-Bencdict Method.-—This modifi- 
cation entails the use of an autoclave instead of the free flame and has 
the advantages of decreasing danger of loss and making it possible to 
carry out a large number of estimations at one time. Proceed exactly 
as in the Lewis-Benedict, but use 6 ¢.c. of the picric acid filtrate instead 
of 8 ¢c.c., and instead of heating over the free flame introduce into an 
autoclave for 15-30 minutes at about 20 pounds pressure to the square 
inch. Compare with standard in a colorimeter. The standard recom- 
mended by Lewis and Benedict may be diluted one-fourth or the dif- 
ference allowed for, since 6 c.c. of filtrate are used in place of 8 e.c. 

(d) Epstein Method of Estimation of Suyar in the Blood.—Prin- 
ciple-—This method ** is a modification of the Lewis and Benedict 
procedure, being based on the same principle but making possible the 
determination of reducing sugar in finger blood (0.1-0.2 ¢.c.) with a 
sufficient degree of accuracy for clinical purposes, and with little ex- 


*In case of hyperglycemia the final volume of the reaction fluid is made 25 e.c. 
or 50 ¢c.c., and the results are accordingly multiplied by 2.5 or 5.0. 

** Permanent Standard.—A. solution of picramic acid makes a very satisfactory 
permanent standard. The color is identical in quality with that formed in the 
method above and its solution keeps perfectly. The formula of the permanent 
standard is: 


PiCraMic: ACI: (sek he wees dees Hae eS 0.064 gram 
Sodium carbonate (anhydrous) ........... ...6- 0.100 gram 
Water 40:Make. .qhews es cies ec tiuwas vet iceawaes 1000.0 = ee. 


Dissolve the picramic acid with the aid of heat in 25 to 50 ec. of distilled water 
which has been made alkaline with sodium carbonate. Cool and dilute to 1 liter. 
This solution has the same intensity of color as that obtained by the proposed method 
with 0.64 mg. of sugar, when the final volume of the reaction fluid is made 10 c.c. 
The solution should be standardized against pure glucose. 
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penditure of time. Instead of a Duboseq colorimeter the less expensive 
Sahli-Gower hemoglobin colorimeter or Kiittner colorimeter is recom- 
mended. 

Procedure.—The apparatus * and the following reagents are neces- 
SAary : 

1. Pierie acid, saturated solution. 

2. Sodium carbonate, 10 per cent. solution. 

3. Sodium fluorid or potassium oxalate, 2 per cent. solution. 

Put 1 or 2 drops of the fluorid or oxalate solution into the graduated 
test-tube. By means of the blood pipet 0.2 ¢.c. of blood is obtained from 
the tip of the finger or the lobe of the ear and is discharged into the 
tube containing the fluorid solution. The pipet is rinsed 2 or 3 times 
with distilled water and the washings added to the blood in the tube. 
Distilled water is then added to the 1.0 ¢.c. mark. After laking of the 
blood has taken place, picrie acid is added to this (a few drops at a time) 
up to the 2.5 ¢.c. mark, the tube being gently shaken on each addition of 
the acid. Precipitation of the blood-proteins takes place; the sugar, 
together with an excess of picric acid sufficient for the reaction, stays in 
solution. The tube is finally shaken vigorously (the end of the tube being 
covered with the finger) and the contents filtered through a small filter, 
or, better still, centrifuged for 1 or 2 minutes. 

One ec.c. of the filtrate or the clear supernatant fluid obtained on 
eentrifugalization is withdrawn, put into the plain test-tube, and heated 
carefully over the naked flame. The contents of the tube are boiled 
until all but 2 or 3 drops of the solution is evaporated. One-half c.e. 
of the 10 per cent. sodium carbonate solution is then added and the tube 
heated again until the contents are concentrated to a small volume equal 
to about 2 or 3 drops. The color of the fluid changes from yellow to deep 
red or reddish-brown and the reaction 1s completed. 

Three or four drops of distilled water are added and the tube warmed 
gently. The contents are then transferred to the graduated tube of the 
hemoglobinometer. The boiling tube 1s rinsed several] times with water 
(only 3 or 4 drops at a time being used). The tube is warmed with each 
rinsing before transferring of the contents to the graduated tube. The 
volume of fluid is then brought up to the mark 50 on the scale. 

The color of the resulting solution 1s compared with that of the two 
standard tubes, A and B, which accompany the instrument. If it is 
darker than Standard A (representing 0.05 per cent. of sugar) and 
lighter than Standard 3 (representing 0.1 per cent.), the first standard 


*The tubes belonging to this hemoglobinometer are not al) equally calibrated. 
With some the 50 per cent. mark represents a volume of 1.0 ¢.c.; with others, 1.0 c¢.c. 
of fluid reaches up to the 43, 45, 46 or 47 per cent. mark. The error in the calibra- 
tion is generally below the 10 per cent. mark; the graduations above this mark are 
usually correct. By means of the standard 1.0 ¢.c. pipet one can readily determine 
whether or not a given tube is properly calibrated. In order to facilitate a direct 
reading of the percentage of sugar on these hemoglobinometer tubes, it is essential 
to have 1.0 «ec. of fluid stand at mark 50. To overcome a discrepancy (if any exists) 
in the calibration of a given tube, one may put one, two or three small glass beads 
in the bottom of the tube, of such size as to raise the menicus of 1.0 cc. of fluid 
up to the 50 per cent. mark. 
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is used for comparison. In either case the solution in the graduated tube 
is diluted gradually with water (just as is usually done in hemoglobin 
estimations) until the colors match. 

The percentage of the sugar in the blood is then computed thus: 
Using the lighter standard A, the figure on the scale, divided by 1,000, 
represents the percentage of sugar in the blood. For example, the tube 
reads 86; then the result is 


86 
1000 
When Standard B is used for comparison, the figure on the scale is 


multiplied by 2 and divided by 1,000. For example, the tube reads 73; 
then the percentage of sugar is 


73 X& 2 
1000 


With the instructions given, the above formulas may be used for 
direct computation of the percentage of sugar only when 0.2 c.c. of blood 
is used in the determination. When, however, only 0.1 ¢.c. of blood is 
used, the formulas apply as well, but the value obtained must be 
multiplied by 2. 

It is better, in cases in which a high sugar content in the blood is 
suspected (in diabetes, for example), to use only 0.1 ¢.c. of blood for the 
determination. In all other cases 0.2 ¢.c. of blood should be used. 


= 0.086 per cent. 


= 0.146 per cent. 


THE PARATHYROID, PINEAL AND THYMUS GLANDS AND GONADS 


As yet there is no method known of experimentally estimating the 
functional activity of the parathyroid, pineal and thymus glands, or 
gonads. 
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VI. KIDNEY FUNCTION TESTS 
By Max Kann, M.A., M.D., Pu.D. 


I. Chromocystoseopic tests, p. 245: Methylene blue test, p. 245— 
Indigocarmine, p. 245—Rosanilin, p. 246—Phenolsulphone- 
phthalein test, p. 246. 

II. The composition of the urine—after a special diet or after gen- 
eral diet, p. 259: Rena] function as measured by the 
elimination of fluids, salt and nitrogen, and the specific grav- 
ity of the urine, p. 259—Physical methods for testing com- 
position of the urine, p. 275—Freezing-point, p. 275—Cry- 
oscopy of the urine, p. 278—The hemorenal index, p. 279— 
Renal function as determined by excretion of ingested sub- 
stances, p. 291—Pharmacological tests, p. 301. 

III. The composition of the blood, p. 303: Ambard’s coefficient, p. 
306—McLean’s index of .excretion of urea and chlorid, p. 
314—Physical methods for determining composition of the 
blood, p. 320—Freezing-point, refractive index and specific 
gravity of blood-serum, p. 320—Chemical composition of the 
blood, p. 325—Acidosis in renal disease, p. 342—Indicanemia 
as a sign of renal disease, p. 352. 

IV. Urea content of the cerebrospinal fluid, p. 353. 


In his learned lecture on ‘‘Some Phases of the Nephritis Problem,’’ 
Professor Henry A. Christian made several observations which we shall 
do well to quote here: 


‘In all the earlier functional studies of patients with nephritis the 
desire to make an anatomical diagnosis has been prominent; sometimes 
it has been the acknowledged goal, at other times, though not so stated, 
it is evidently the aim of the investigator. Little by little it has become 
recognized that such an attainment has not been approached with any 
closeness, and I think that by most investigators it is now regarded as 
improbable that we will ever be able to correlate closely postmortem 
anatomical appearance with the functional disturbances of the kidney 
during life, at least so long as present. pathological technic and classi- 
fication continue in use. Improved methods of studying renal lesions, 
of course, may change these conditions at any time. In a number of 
patients we have had the opportunity to carry out a group of functional 
renal studies, and on the death of the patient have submitted the kidneys 
to pathological examination. In these patients there was no evident 
relation to be made out between anatomical changes in the kidney and 
antecedent functional disturbances in any selective sense that would 
justify an anatomical classification. In our experience in a functional 
sense, patients with nephritis do not separate themselves into distinctive 
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groups; rather is it indicated that there is a progressive increase in 
functional disturbance with advance of the lesion, though there is an 
undoubted tendency for certain cases to show continuously a much more 
marked impairment of function as measured by one set of tests than by 
another, indicating that functional disturbances depend on selective 
excretory activity, and that, were not the various renal structures pretty 
generally involved in nephritis, a more definite classification based on 
tests of renal function could be made. 

‘‘However, at the present time, tests of renal function are of more 
value for indicating the presence of a rena] lesion, for measuring its 
extent and for indicating its management than as a means of classifica- 
tion of cases. For these purposes they add greatly to the value of our 
clinical study of patients with nephritis. Out of the very numerous 
methods of testing renal function certain ones have survived, either by 
reason of ease of application or by reason of yield of information in 
proportion to the amount of labor they require. Some have been discarded 
because the same information may be obtained from simpler procedures 
or from ones requiring less complicated and expensive apparatus or 
occupying less time in their carrying out. Others have been given up 
because they caused more discomfort and inconvenience to the patient 
than some other one yielding the same information. Those that are still 
in use, though they yield much valuable information, are not thoroughly 
satisfactory, and better ones probably can be worked out with our 
increasing knowledge of renal function under varying conditions in man 
and animals.”’ 


Barker gives the following classification of the tests used in deter- 
mining renal sufficiency : 


I. Physical—Chemical Methods. 

Determination of quantity and specific gravity of urine. 

Determination of osmotic pressure. 

Determination of freezing-point of urine. 

The ‘‘water experiment’’ and ‘‘polyuria test.’’ 

Hyposthenuria—the amount of urine and its specific gravity 
after a renal test-diet. 


Se a SS 


II. Methods which determine the power to excrete specific chemical 
substances. 
1. Quantitative study of excretion of normal] constituents. 
(a) Nitrogenous substances. 
i. Total non-protein nitrogen. 
1, Urea. 
iii, Urie acid. 
iv. Creatinin. 
(b) Non-nitrogenous substances. 
i, Sodium chlorid and water. 
ii. Diastase. 
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2. Excretion of substances foreign to the body after inges- 
tion or after injection into the blood, 
the muscles or the subcutaneous tis- 
sues. 

(a) Phenolsulphonephthalein test. 
(6) Potassium iodid. 
(c) Lactose. 
(d) Methylene blue, indigocarmin or rosanilin. 
(e) Diureties (theocin, diuretin, etc.). 
11I. Comparative analysis of blood and urine. 
1. Nitrogenous substances. 
(a) Total non-protein nitrogen of blood and urine. 
(b) Urea of blood and of urine. 
(c) Ambard’s coefficient. 
(d) McLean’s index of urea excretion. 
2. Non-nitrogenous substances. 
(a) Sodium chlorid content of blood and urine. 
1. The NaCl threshold. 
ii. The NaCl secretion constant. 
(b) The total electrolytes of the blood and urine. 
i. The hemorenal index. 
3. Nitrogenous and non-nitrogenous substances. 
(a) Total nitrogen and total chlorids. 
(6) The nitrogen and chlorids of blood and urine, 
together with the water excretion and 
the specific gravity after a renal test. 


[V. Other methods. 
1. Bouchard’s urotoxic coefficient. 
2. Urea content of cerebrospinal fluid. 
3. Determination of fatigability of the secretory power of the 
kidneys. 
4. Determination of blood acidity in renal disease. 
(2) Measurement of CO, tension of blood. 
(b) Determination of the amount of NaHiCO, neces- 
sary to render the urine alkaline. 


V. Methods for determining functional capacity of each kidney sep- 
arately. 


We shall discuss the tests under the following headings 


1. The chromocystoscopic tests. 

2. The composition of the urine: after a special diet or after 
general diet. 

3. The composition of the blood. 

4. Urea content of the cerebrospinal fluid. 
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I. CHROMOCYSTOSCOPIC TESTS 


The method of chromocystoscopy, that is to say, the administration 
by mouth, or preferably subcutaneously, of coloring matters, such as are 
readily excreted by the kidneys, is of greater or less practical value. 
It serves at least in localizing the ureteral orifices. 

Methylene Blue Test.—Methylene blue was introduced for this pur- 
posed by Achard and Castaigne. The drug is given by mouth in 14-grain 
doses, or preferably 15 minims of a 5 per cent. solution are administered 
by hypodermic injection. In health the drug will dye the urine in 
about one-half hour, while in the presence of disease of the kidneys 
this is delayed. Methylene blue is of little value, however, in estimating 
the functionating capacity of the kidneys, because it is slowly eliminated, 
and, therefore, requires observation for a long period of time. It has 
been estimated that only about 80 per cent. of the drug is excreted 
normally in the urine. It does not lend itself, moreover, to accurate 
colorimetric estimation. 

Walker has shown that in obstruction of the lower urinary tract the 
excretion of methylene blue is retarded. In hypertrophy of the prostate 
the dye frequently does not appear for three or three and one-half hours, 
and is often excreted for a period of 8 or 10 days following the injec- 
tion. In several instances it did not appear at all. 

Underhill and Closson have shown that methylene blue is not a chem- 
ical entity but is a mixture of methylene blue and methylene azure. 
The appearance of the drug in the form of a chromogen necessitates 
additional manipulations when readings are being made, and affords 
an opening for speculation and difference of opinion and doubt as to 
the interpretation of the findings. Chauffard and Cavasse, Oulmont and 
Raymond consider that some significance is attached to the relations 
between the amount of chromogen and the amount of dye excreted. 

The drug undergoes unknown chemical changes in the body, only a 
part (50 per cent.) being normally excreted in the urine. Occasionally 
it is completely destroyed in the body, even in health, and cannot be 
demonstrated at all in the urine, as has been described by Pugnaud and 
Revilliod, Walker and others (Rowntree and Geraghty). 

Indigocarmine.—Indigocarmine was first used by Heidenhain in 
his investigation of the physiology of the kidneys. He showed that this 
drug was excreted by the epithelial cells of the convoluted tubules. 
Voelcker and Joseph, assistants of Czerny of Heidelberg, proposed the 
use of this dye for the purpose of testing the renal function. After 
an intramuscular injection of 20 c.c. of a 4-10 per cent. solution, the 
drug should appear in the urine of a healthy individual in less than one- 
half hour. It is delayed in the presence of disease. The delay in its 
appearance and the diminished intensity of the colors of the stream 
ejaculated from the ureters, as revealed by the cystoscope, is supposed 
to afford an indication of the relative amount of destruction of the 
secreting epithelium of the convoluted tubules. This dye has the ad- 
vantage of being more readily eliminated than the methylene blue, but 
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has the decided disadvantage of being decolorized by purulent alkaline 
urine. It does not lend itself to colorimetric estimation, and only about 
25 per cent. is eliminated by the kidneys. 

Rosanilin.—Rosanilin (rosanilin trisulphate of soda), first introduced 
by Lépine, has not attained any popularity. One cc. of a 1 per cent. 
solution injected subcutaneously usually makes its appearance in less 
than one-half hour. From 65 to 95 per cent. is recovered in 24 hours. 

Phenolsulphonephthalein Test.—Phenolsulphonephthalein, which 
was first described by Remsen, is a bright red crystalline powder, some- 
what soluble in water and alcohol, readily soluble in the presence of 
alkalis. The drug, as determined by Abel and Rowntree, is non-irritant 
locally, and is excreted practically entirely by the kidneys and with ex- 
traordinary rapidity, appearing in the urine normally within a few 
minutes of injection. In alkaline solution it presents a brilliant red 
color which is ideally adapted for quantitative colorimetric estimation. 

This drug has been utilized by Rowntree and Geraghty to determine 
the functional capacity of the kidney in disease. By means of the test 
which they have introduced it is possible to determine accurately the 
condition of the kidneys, i.e., whether they are diseased, and in case they 
are, to determine the extent. This test permits one to determine whether 
the kidney disease, if chronic, will be apt to prove rapidly fatal, whether 
uremia is apt to develop, or whether any given case is suitable for surgical 
interference from the renal point of view. The technic of the test is 
as follows: 

TECHNIC.—Twenty minutes to one-half hour before administering 
the test, the patient is given 200 to 400 «ec. of water, in order to in- 
sure free urinary secretion; otherwise delay in time of appearance may 
be due to lack of secretion. 

Under aseptic precautions a catheter is introduced into the bladder 
and the bladder completely emptied, or the patient is allowed to volun- 
tarily empty the bladder. Noting the time, 1 ¢.c. of a carefully pre- 
pared solution of the phenolsulphonephthalein, containing 6 mg. to 
the ¢.c., is accurately administered subcutaneously, intramuscularly or 
intravenously by means of an accuratelv graduated syringe. The urine 
is allowed to drain into a test-tube in which has been placed a drop 
of 25 per cent. sodium-hydroxid solution, and the time of the appear- 
ance of the first faint pinkish tinge is noted. In patients without 
urinary obstruction the catheter is withdrawn at the time of the appear- 
ance of the drug in the urine, and the patient is instructed to void 
into a receptacle at the end of one hour, and into a second receptacle 
at the end of the second hour. 

A rough estimate of the time of the appearance can be made by hav- 
ing the patient void urine at frequent intervals without the use of 
the catheter. In prostate cases it is wise to have the catheter in place 
until the end of the observation. The catheter is corked at the time 
of the appearance of the drug in the urine and the eork removed 
at the end of the first hour and at the end of the second hour, the 
bladder being thoroughly drained each time. In the case of many of the 
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patients of this type whom the author has observed, a retention 
catheter has been in use as part of the routine treatment, on 
account of the residual urine. Before the catheter is to be employed 
it is well to put the patient under the influence of hexamethy- 
lenamin. | 

Each sample of urine is measured and the specific gravity taken. 
Sufficient sodium hydroxid (25 per cent.) is added to make the urine 
decidedly alkaline, in order to elicit the maximum color. The color dis- 
played in the acid urine is vellow or orange, and this immediately 
gives place to a brilliant purple-red color when the solution becomes 
alkaline, This solution is now placed in a liter-measuring flask and 
distilled water added to make, accurately, 1 liter. The solution is then 
thoroughly mixed and a small filtered portion taken to compare with 
the standard, which is used for all these estimations. 

When the Duboseq colorimeter is used, the standard solution used 
for comparison consists of 3 mg. of phenolsulphonephthalein (or 1/4 ce. 
of the solution used for injection) diluted to 1 liter and made alkaline 
by the addition of only one or two drops of 25 per cent. NaOH solu- 
tion. This is a beautiful purplish-red solution retaining its intensity 
of color for weeks or for an indefinite period. The one solution, there- 
fore, serves for an immense number of tests. 

One cup of the colorimeter (right) is half filled with this standard 
solution which has just been described, used for comparison, and the 
plunger lowered so that the indicator reads at 10. <A varying quantity 
(depending upon the intensity of the color) of the diluted urine is 
placed in the other cup and the plunger manipulated until the two 
halves of the field are of an identica] intensity of color. The indicator 
of the left plunger is now read, the fraction, as indicated by the Vernier 
scale, being taken into account. The estimation of the quantity pres- 
ent is then a question of simple arithmetic. For instance, the left side 
reads at 20, the standard being placed at 10. In other words, it takes 
a column of fluid twice as long to give the same intensity of color as 
that of standard, which, of course, shows that the solution contains 
only half as much dye. To obtain the percentage of dye excreted in 
the urine compared with the amount in the standard solution used for 
comparison, it is necessary to multiply the reading of the standard 
by 100 and divide by the reading indicated for the solution containing 


: 10 x 100 
the urine. To return to our example, we have 99 = o0 per cent. 
as much drug in the urine as in the standard solution used for com- 


parison. 

The 3 mg. of the standard for comparison has been chosen arbitrarily 
because of the beautiful pink color which is obtained when the indicator 
stands at 10. The amount of drug used for injection is 6 mg. We have 
eompared the amount of drug in the diluted urine with that of the stand- 
ard for comparison, but, if we wish to estimate the amount of drug 
excreted as compared with the amount of drug administered, we must 
compare the amount excreted with 6 mg. rather than 3 mg., which is 
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present in the solution for comparison. In the example given above we 
would have 50 per cent. of the 3 mg. or 25 per cent. of the 6 mg., which 
was the amount injected; so that the excretion is 25 per cent. of the 
amount administered. 

Recently the Autenrieth-Konigsberger colorimeter has been modified 
and utilized for the quantitative estimation of phthalein (Fig. 38). A 
standard alkaline solution, 6 mg. of phthalein to the liter, is placed in 
the wedge-shaped cell. The urine, collected as for the other method, 
is diluted to a liter and a small filtered portion poured into the rectangu- 
lar cup. The wedge-shaped cell is now manipulated by means of the 





Fig. 38.—HELLIGE COLOKIMETER, ROWNTREE AND GERAGHTY MODIFICATION. 


screw, until the two sides of the color field are identical in intensity. 
The percentage is now read by the position of the indicator on the scale. 
This instrument is well adapted for the purpose, 1s approximately accu- 
rate, and is much cheaper than the Duboscq colorimeter. 

A very simple apparatus devised by Dunning, known as the Dun- 
ning Colorimeter, may be used for making approximate estimations. 
This instrument comprises 13 sealed ampules and 1 open ampule, and 
a box fitted with opaque glass, so arranged as to be used as a background 
for comparing colors. The sealed ampules contain the standard alkaline 
solution of phthalein, 6 mg. to the liter, and 80, 60, 50, 40, 35, 25, 20, 15, 
10, 5 per cent. dilutions. Each ampule is marked with a figure indi- 
cating percentage strength, that containing standard solution carrying 
100. The open ampule is intended for the urine specimen which should 
be collected and prepared as for the other methods of estimation. The 
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open ampule, containing the specimen, is placed in a colorimeter box 
and compared with the other ampules. When the specimen is matched, 
the percentage of excretion is indicated by the number on the test ampule 
selected. 

Fairly accurate estimations, however, can be obtained by means 
of graduated cylinders—equal quantities of the standard solution and 
the diluted urine being used in separate cylinders and the denser solu- 
tion being diluted until the colors become identical. The amount of 
drug in the solution being known, the amount in the urine can be 
readily calculated. 

When the collected urine has been made strongly alkaline it is neces- 





Fig. 39.—DUNNING COLORIMETER. 


A, colorimeter box; B, complete apparatus. 


sary to estimate the phthalein within a few hours, as the red fades 
gradually under these conditions. When it is desirable or necessary 
to defer the estimation for some hours or days, it is better to make 
the urine distinctly acid, under which condition the phthalein remains 
unchanged. It should, of course, be made alkaline again when the esti- 
mation 1s made. 

The method, heretofore utilized in connection with other tests, of 
determining the time necessary for total elimination, is erroneous for 
the following reasons: Whereas, in the case of phthalein, a normal 
kidney excretes the greater part of the dye injected within 2 hours 
of the time of administration, and then only a small trace for the next 
2 hours, the moderately diseased kidney secretes a fair amount within 
the first 2 hours—say 50 per cent. of that excreted by the normal kidney 
—but the concentration in the blood still being high, it continues to 
excrete a fair amount in the following two hours, so that at the end of 
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4 hours little difference may exist in the total work accomplished. 
One-hour and, at most, two-hour observations are therefore recommended. 
In cases in which only slight changes in function exist this can be 
most accurately demonstrated by a one-hour collection following the use 
of an intramuscular (lumbar) injection. 

The excretion has been studied in several hundred normal individ- 
uals. In the earlier work subcutaneous administration was used ex- 
elusively, the drug appearing in the urine in from 5 to 11 minutes, 
38 to 60 per cent. (average 50 per cent.) being excreted in the first 
hour after its appearance in the urine, and 60 to 85 per cent. for 2 hours. 
In health the elimination is practically complete in 2 hours, only a 
trace being present during the third and fourth hours. 

Intramuscular and intravenous injections have also been employed. 
The time of appearance following the intramuscular administration is 
practically the same as that after the subcutaneous, but the output aver- 
ages 5 to 10 per cent. more for the first hour. Following the intravenous 
injection, the drug normally appears in from 3 to 5 minutes, and from 
35 to 45 per cent. of the drug is eliminated in the first 15 minutes, 50 to 
65 per cent. in the first half hour, and 63 to 80 per cent. during the 
first hour. This rapidity of excretion following intravenous adminis- 
tration, is exceedingly striking and when this method is employed, ob- 
servations for a quarter-hour or half-hour period only should be em- 
ployed. For general use, however, we advocate the lumbar intra- 
muscular method (the latter particularly when edema is present), as the 
technic involved is much simpler and the results obtained are reliable 
The technic of the test 1s exceedingly simple. The injection is given, 
time of appearance noted, and collection of urine made for 1 or 2 hours. 
To each sample sufficient sodium hydrate is added to insure alkalinity 
and maximum intensity of color; then the urine is diluted to 1 liter, 
a small amount is filtered, the reading made, and the percentage of 
drug excreted is calculated. 

ConcLustons.—The summing up of the phenolsulphonephthalein test 
from Goodman ’s study is as follows: 


1. Jn clinical influenza the small output of phenolsulphonephthalein 
is not in accordance with the findings in other general diseases. 

2. The general series of diseases show a good output of phenol- 
sulphonephthalein as a rule when there is clinically no evidence of 
kidney involvement. 

3. The findings in regard to the value of this test, both from a 
diagnostic and a prognostic standpoint, in nephritis, confirm former con- 
clusions in this respect and also the statement of Rowntree and Geraghty, 
that it reveals the degree of functional derangement, whether the nephri- 
tis be acute or chroniec. 

4. In several of Goodman’s cases this test has revealed a degree 
of renal insufficiency, of which the clinical condition of the patient gave 
no evidence, but the existence of which has been confirmed by the fatal 
outcome of the case. 
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5. The test has served to demonstrate renal insufficiency in instances 
in which operation was contemplated and in which, though clinical and 
microscopic examinations were negative, subsequent developments con- 
firmed the existence of the renal insufficiency. 

6. In cases of ureteral or renal obstruction Goodman’s findings are 
again In line with those of Rowntree and Geraghty in that he found a 
marked improvement, as indicated by the phenolsulphonephthalein test, 
following the removal of the obstruction. 

7. In unilateral ‘and bilateral disease of the kidney, the test has 
revealed the functional capacity of each kidney, and to such a Satis- 
factory degree that, in some instances, it has assisted me to determine 
on the course of operative procedure. An absence or a very small out- 
put of the dye from one kidney, with an increased output from the 
other side, indicates a seriously diseased kidney on the one side, with 
a compensatory hypertrophy of the other kidney. 


Tracy employed the test in about 300 cases, the material for this 
paper being based on the observations of the first 100 cases. He says 
that it does not seem possible to work out the minimum percentage 
of phthalein output with which it will be safe to undertake surgical 
operations, nor is it safe from the phthalein test to determine what cases 
should or should not be subjected to operation. He believes it will never 
be possible to determine this point from the phthalein test, as the func- 
tional activity of a kidney varies under numerous circumstances and 
at different times. In determining whether or not a patient should be 
subjected to operation, the history, clinical symptoms and physical 
examinations are of much greater value than any renal functional test 
ever devised. The phthalein test used in conjunction with the clinical 
symptoms, history and physical examination is of value. A small per- 
centage of output should put the surgeon on his guard and cause him 
to study the patient most carefully before undertaking an operation. 
The phthalein test should be used only as one of the many methods 
of investigation in ascertaining the condition of the patient. 

Goodman and Kristeller summarize the following advantages of this 
test: " 


1. The drug does not readily decompose in solution and can be 
sterilized by boiling. 

2. The dose required is small, 1 ¢c.c. of solution containing .006 
gram of the dye. 

3. The injection is painless, and is not followed by irritation if 
the solution is sufficiently alkaline. 

4. The drug is excreted entirely by the kidneys. 

5. The drug can be demonstrated in the urine in from three to ten 
minutes after the subcutaneous injection. 

6. From 50 to 70 per cent. is excreted during the first two hours. 

7. The drug lends itself to accurate colorimetric measurement. 

8. The quantity of dye recovered in a specimen within a given time 
is not influenced by the volume of urine. 
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9. The presence of pus, phosphates, bile and indican does not in- 
terfere with the colorimetric estimation of this drug. 


Geraghty and Rowntree obtained the following results with the phe- 
nolsulphonephthalein test: 


‘‘The excretion has been studied in several hundred normal indi- 
viduals. In our earlier work subcutaneous administration was used 
exclusively, the drug appearing in the urine in from five to eleven min- 
utes, 38 to 60 per cent. (average 50 per cent.) being excreted in the 
first hour after its appearance in the urine, and 60 to 85 per cent. for 
two hours. In health the elimination is practically complete in two 
hours, only a trace being present during the third and fourth hours. 

‘Influence of Amount of Urinary Secretion.—The excretion of the 
drug does not run parallel to the excretion of urine. It is immaterial, 
as far as the excretion of the drug is concerned, whether the urinary 
output is 50, 200, 400 or 500 «.c. Similarly, the output does not seem 
to be much influenced by the previous administration of the different 
diuretics. Experimentally on animals, it was found that those diuretics 
(caffein, urea, dextrose, phlorizin, calomel) which are thought to exert 
a stimulating influence on the cells of the renal tubules slightly in- 
crease the phthalein output, whereas those diuretics (hypertonic sodium 
chlorid, potassium nitrate and digitalis) which act entirely by mechan- 
ical factors, as by changes in osmotic tension, or changes in blood- 
pressure, slightly decrease or cause no change in the excretion of 
phthalein. No definite influence was noted in man, following the dose 
usually employed for diuresis, one-hour estimations being made. 

‘*Heretofore, functional tests have not been considered of any great 
value to the clinician in relation to nephritis. In fact, hyperpermeabil- 
ity to methylene blue, indigocarmin and rosanilin has been shown to 
exist in acute and in chronic parenchymatous nephritis, while, on the 
other hand, decreased permeability with slow appearance and prolonged 
excretion has been demonstrated in the chronic interstitial variety. 

‘“Acute Nephritis—An opportunity to study only five cases of acute 
nephritis has presented itself. 

‘“While no conclusions can be drawn from five cases, it is suggestive 
that in none of them was there increased permeability, but that, on the 
contrary, the permeability was markedly decreased when the condition 
was considered clinically grave. 

““Chromc Parenchymatous Nephritis—In all, twenty-one cases be- 
longing to the clinical type of parenchymatous nephritis have been 
studied. These cases represent different grades of severity and the 
duration of the disease varies from a few weeks to seven years. 

‘<In two very mild cases of short duration showing only slight edema, 
with albumin and casts, but with normal urinary output, the time of 
appearance of the drug and the amount excreted was normal. In one 
of these cases the time of appearance was eight minutes, and the output 
52.5 per cent. for one hour. The second patient was a student who 
considered himself perfectly well, but in whose urine albumin and casts 
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were discovered by chance. On close inspection, a slight edema about 
the eyes was detected. No other evidence or suggestion of the disease 
could be found. In this instance 53 per cent. for the first hour and 8.6 
per cent. for the second hour was excreted, following subcutaneous 
injection. 

‘‘In cases of longer standing or those in which disease is of ordi- 
nary severity, the time of appearance has always been delayed slightly 
(ten or twenty-five minutes) and the amount excreted is definitely below 
normal. 

‘‘In the most severe grades of chronic parenchymatous nephritis, 
or those in which the disease is of long standing and associated with 
secondary sclerotic changes, the output is reduced very markedly, and 
in some instances no trace of the drug can be found in the urine. Here 
also, as in the interstitial type, the absolute failure of excretion, or 
the excretion of a mere trace, has been followed within a short time 
by death from renal failure. 

‘‘ Although the number of cases of chronic parenchymatous nephritis 
has not been very large, sufficient data have been collected to indicate 
that the test is of decided value in revealing the functional efficiency 
of the kidney in this condition. In the mild cases very little disturb- 
ance of function is indicated, and it may be impossible from the test 
alone to differentiate this condition from albuminuria. When there 
is a marked decrease in the phthalein output, marked renal changes 
are present, and when only excreted in traces, or not at all, a grave 
prognosis should be given, though no signs of uremia exist. 

“Chronic Interstitial Nephritis—Twenty-two cases of the type clin- 
ically classed as chronic interstitial nephritis have been under observa- 
tion. In many of these cases, previous to the administration of the 
phthalein test, no accurate idea of the degree of involvement of the 
renal function could be ascertained even after the most careful clinical 
study. The phthalein test has proved itself of immense value in reveal- 
ing the degree of destruction of the renal substance, and has demon- 
strated itself to be of extreme importance from the standpoint of both 
diagnosis and prognosis. 

‘*In most of the cases of this series the time of appearance has been 
markedly delayed and the output of phthalein markedly decreased ; 
where the output is lowest, the delay in appearance is most pronounced. 
The time of appearance, however, is not so important as the amount of 
excretion. 

‘‘Uremia.—In twenty-one cases under study, uremia has been pres- 
ent. Of this number, in fourteen uremia was grave; the patients ex- 
hibited nausea, vomiting, drowsiness or coma, and in several instances 
convulsions. In the remaining seven, mild symptoms only were pres- 
ent and had persisted over prolonged periods. Nine of the fourteen 
patients with grave uremia died during the attack. In all of these 
cases the phthalein elimination was zero or a faint trace only for two 
hours. 

‘‘In two of the five patients recovering from their uremia, the out- 
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put was 20 per cent., the uremia being the result of an acute exacerba- 
tion of a chronic nephritis. In two the output was 14 per cent. ; in both 
of these the uremia was precipitated by a double pyelonephritis. The 
fifth case was one of acute exacerbation of chronic pyelonephritis in a 
man previously having had nephrectomy. This last patient has greatly 
improved, and at present has a two-hour excretion of 13 per cent. 

‘*In the seven mild cases, exhibiting slight but persisting symptoms 
of uremia, the excretion respectively was as follows: 10 per cent. in 
one; 7 per cent. in three cases; a trace in two; 2 per cent. in the other, 
for two hours. Five of these patients died within three months of the 
performance of the test. Those living are still exhibiting evidences of 
chronic uremia, four months having intervened in one instance. 

‘‘Of four patients not exhibiting uremia at the time of the test, but 
in which the phthalein output was below 8 per cent. for two hours, 
one excreting 6 per cent. died within two months, another within three 
months, and the other two are still living, in one two months, and in 
the other three weeks intervening, but both are exhibiting evidence of 
chronic uremia. 

““The Study of Cardiac and Cardiorenal Cases.—An attempt has 
been made to differentiate, by means of this test, between those cardiac 
cases with broken compensation or with passive congestion associated 
with the presence of albumin and casts in the urine and those cases 
in which cardiac insufficiency is associated with varying grades of true 
nephritis. In this connection thirty-three cases have been studied. From 
this study there appears to be no doubt, but that decrease in function 
accompanies marked passive congestion of the kidneys in the absence of 
any true nephritis. As the cardiac condition improves, however, the 
passive congestion becoming less marked and edema subsiding, the out- 
put of phthalein increases—and in one case rose from 16 per cent. to 
normal in the course of one week—the patient in the meantime losing 
70 pounds in weight with the disappearance of a general anasarca. We 
feel that the phthalein test will prove of value in determining what 
degree of renal efficiency exists in this class of disease, and subsequently 
with improvement in the cardiae condition and the disappearance of 
edema, a continued low phthalein excretion will indicate with consider- 
able certainty the presence of permanent organic changes in the kidney. 
We feel, however, that a much larger series should be studied clinically 
and at autopsy before very definite conclusions can be drawn. 

‘Miscellaneous Cases.—A large number of miscellaneous medical 
diseases have also been studied from the standpoint of phthalein excre- 
tion, among the number being ten cases of labor pneumonia. In pneu- 
monia the output is little if any decreased, and does not run parallel 
with the chlorid excretion. Three eases of persistent albuminuria have 
shown a normal output. In no disease other than renal, so far studied, 
has a marked reduction of the phthalein excretion been encountered. 

‘‘The Relation of Phthalein Output to Blood-pressure, to Changes in 
the Eye-grounds and to the Blood-picture.—In the majority of cases 
of chronic nephritis in which the blood-pressure has been high, the 


KIDNEY FUNCTION TESTS 250 


phthalein elimination has been markedly decreased, but no exact paral- 
lelism exists, inasmuch as not a few instances have been encountered 
in which the systolic pressure has been over 200 mm. Hg., and the 
phthalein output one-half of normal, while on the other hand there have 
been instances in which the blood-pressure has been normal while the 
phthalein output has been zero or nearly so, the patients shortly after 
dying in uremia. While a high blood-pressure, when present, is consid- 
ered of diagnostic and prognostic value, taken in conjunction with other 
clinical data, yet‘many patients died of renal insufficiency and exhibited 
u blood-pressure which was normal or practically so. Nor is the blood- 
pressure, even when high, increased in inverse proportion to the decrease 
in renal function. / 

‘“ While in some instances marked changes in the eye-grounds, choked 
disk, tortuous vessels, hemorrhages, etc., have been present coincident 
with a very low phthalein output, in many cases, even of the most ad- 
vanced and even fatal nephritis, no changes whatever in the eye-grounds 
could be detected, the patient at the same time failing to eliminate the 
phthalein. 

‘‘Moderate or rather severe grades of secondary anemia in the ab- 
sence of disease of the kidneys can be present without any diminution 
in the phthalein elimination ; for instance, two patients, one with 2,500,- 
000 red cells, and hemoglobin 30 per cent., the other with hemoglobin 
30 per cent., eliminated 61 and 57 per cent. for two hours respectively.”’ 


Rowntree and Geraghty also studied the value of the test from a 
surgical standpoint. 


‘‘As a result of obstruction in the lower urinary tract, pathologic 
changes may occur in the ureters and kidneys, dilatation of the ureters, 
varying grades of hydronephrosis, and as a result of the continued 
high pressure, atrophy of the parenchyma of the kidney. Not infre- 
quently, infection occurs with the development of a pyelitis, a diffuse 
or localized pyelonephritis, or pyonephrosis. The occurrence of these 
complications is often difficult of recognition, and 1s often overlooked, 
particularly in the absence of symptoms of renal inadequacy. A large 
proportion of these cases of urinary obstruction have cystitis associated 
with albuminuria. The presence of casts in the urine is no contra- 
indication to operation. The urinary output may be normal, also the 
urea and total solids, and yet the patient may be on the verge of renal 
failure and disastrous results may follow surgical interference. 

‘<The test has been used in 100 cases of urinary obstruction, mostly 
eases of prostatic hypertrophy. The technic mvolved in these cases 
necessitates the use of a catheter; otherwise it does not differ from that 
described above. 

‘‘In the majority of cases, the test indicates a more or less degree 
of renal impairment, and taken in conjunction with the clinical condition 
it is of more value than the study of urine output, total solids, total 
nitrogen and urea estimations combined. 

‘‘<A marked decrease in the amount excreted invariably means severe 
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derangement of renal function, which may be of either a temporary 
or permanent character. Under such conditions one should proceed 
with extreme caution, and no surgical intervention should be attempted 
without further study, together with preliminary treatment. Under 
this régime, repeated functional tests will demonstrate eventually the 
nature of the derangement, for in true interstitial nephritis the output 
will continue low, whereas if the derangement is purely functional or 
secondary to pyelonephritis, usually improvement will follow as a result 
of the treatment and will be indicated by a decrease in the time of 
appearance of the drug and simultaneously an increase in the amount 
eliminated. 

‘‘The functional derangement due to infection in these cases is a 
much more dangerous condition than is the presence of even a fairly 
advanced condition of interstitial nephritis. The use of the test enables 
one to select the most favorable time for operation. In cases exhibiting 
a continued suspiciously low output, the use of nitrous-oxid gas, or 
spinal anesthesia, is suggested as preferable to ether in order to protect 
the kidneys. When only a trace of the drug continues to be excreted, 
prostatectomy should not be attempted, even though the patient presents 
no evidence of uremia.’’ 


In their original paper Rowntree and Geraghty stated that a drop- 
ping phthalein output was a contra-indication to operation, except in 
cases of necessity. This decrease in function usually means some change 
in the renal condition and in most cases it has been caused by the 
development of a pyelonephritis or an exacerbation of an old process. 
It is obviously wise to wait until the kidneys have recovered from this 
acute shock before subjecting them to further injury through operation. 

The test can be used to equal advantage preliminary to any surgical 
procedure, when it is deemed important to know the true functional 
capacity of the kidneys. 

The Phthalein Test as Applied to the Function of the Individual 
Kidney.—F unctional tests have already demonstrated their value in this 
connection. But they have, at most, been able to determine only the 
relative working capacity of each kidney and have shed very little 
light on the absolute functional capacity of each organ. 

The phthalein test, in association with ureteral catheterization, has 
been made in seventy cases of unilateral or bilateral disease. 

Twenty minutes previous to examination 600 to 800 cc. of water 
are given to the patient in order to insure a free flow of urine. The 
ureters are then catheterized. 

As it is essential to collect all the urine secreted by each kidney 
during a definite period of time, in order to do accurate quantitative 
work, a form of ureteral catheter especially devised for this purpose 
has been used. The flute and catheter of Albarran, No. 6, or pref- 
erably No. 7, has been found to be most satisfactory. The catheters 
which have only side openings and no end opening cannot be depended 
upon for this purpose. 
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The catheters are passed up into the ureters to a distance of four 
inches. The cystoscope is then withdrawn, leaving the ureteral catheters 
in position. A small ureteral catheter is now passed into the bladder 
and the bladder thoroughly emptied, so that leakage, should it occur, 
can be detected. The time of injection is recorded, as is also the time 
of the appearance of the drug on each side. Starting from the time of 
appearance, the collection is continued for one hour following sub- 
cutaneous or intramuscular injection. The amount of drug in each 
specimen is then estimated. 

In normal cases the time of the appearance of the drug from the 
two sides has been almost always the same, and in the majority of cases 
this has been five to ten minutes following subcutaneous and three 
to five minutes following intravenous injections. The time will vary 
somewhat with the rate of urinary secretion. Normally the amount 
excreted by each kidney will be practically the same. The series of 
cases studied include tubercular or pyogenic infection, unilateral or 
bilateral, caleuli, hydronephrosis, hypernephromata, etc. 

Umlateral or Bilateral Surgical Disease of the Kidney.—It has been 
demonstrated that the time of appearance and the percentage of output 
is practically the same for the two healthy kidneys. When one kidney 
only is diseased, the time of the appearance of the drug is delayed on 
the diseased side, and the amount excreted is not only relatively but 
absolutely decreased. The amount of delay in the time of appearance 
is comparatively of little value. Reliance is to be placed only on the 
quantity excreted during a period of one-half or one hour, depending 
upon the method of administration. 

Although in the majority of these cases of unilateral disease the 
combined output is equal to that of two normal kidneys, the greater 
part of the excretion is shown to be performed by the healthy kidney. 
In proportion te the decrease in function on the diseased side, there 
is approximately a proportionate increase in the function on the healthy 
side. In such cases following nephrectomy the remaining kidney elimi- 
nates, after the lapse of two or three weeks, an amount of drug which 
is normally excreted by two healthy kidneys. In all cases studied, the 
output from the remaining kidney has been greater than the combined 
output from two kidneys prior to operation. 

In bilateral disease it has been found possible to determine the 
individual function (absolute or relative) of each kidney. It is in this 
class of cases particularly that the shortcomings of other functional 
tests have been most apparent, as one kidney may have been doing twice 
or three times the amount of work of the opposite kidney, and still 
be unable to assume the additional work of the other kidney. It may 
be doing the major part of the work at the expense of all, or nearly all, 
of its reserve power, but the phthalein test determines whether the 
kidney has a functional capacity which is normal, less than or greater 
than normal, and to what degree. In three cases of double renal tuber- 
culosis, in which the amount of pus from each side was practically the 


same, the test permitted it to be determined that one kidney in each 
VOL, 11.—17. 
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TABLE 1.—TESTS To SHow EFFECT OF TISSUES ON PHENOLSUI PHONEPHTHALEIN 


Phenolsu)- Phenolsul- 
phonephthalein phonephthalein 
Recovered 
Tissue Gm. Cue. Treatment (Per Cent.) 
Sheep ’s liver ......... 50 1 Undiluted + liquid petrolatum ........... 0 
Sheep’s liver ......... 50 1 Undiluted; exposedtoair .............. Trace 
Sheep ’s liver ......... 50 1 150¢cc¢.0.8% NaCl + liquid petrolatum ... 47 
Sheep ’s liver ......... 50 1 150¢.c.0.8% NaCl; exposed toair ....... 78 
Sheep ’s liver ......... 50 1 150c.c. 0.8% NaCl; aérated ............. 90 
Human liver ......... 25 1 40c.0.0.8% NaCl] wi... ce ce ee ee 10 
Human liver ......... 25 1 39.5¢0¢.0.8% NaCl + 0.5¢¢.3% H,O, .. 30 
Human liver ......... 25 1 35¢.¢.0.8% NaCl +5¢e.3% H,0, ...... 30 
Human liver ......... 25 1 25¢¢.0.8% NaCl + 15¢0¢c.3% H.O, ..... 44 
Human liver ......... 25 1 40ce¢.0.8% NaCl+ 0.5 gm. glucose ..... 9 
Human liver ......... 25 1 40¢cc¢.0.8% NaCl+ 5 gm. glucose ....... 20 
Human liver ......... 20 1 40¢c¢.0.8% NaCl +15 9m. glucose ...... 33 
Human liver ......... 25 1 39.5e¢.0.8% NaCl + 0.5¢¢.n/10 NaOH. 11 
Human liver ......... 25 1 35¢¢.0.8% NaCl + 5¢.¢.n/10 NaOH .... 25 
Human liver ......... 25 1 25¢¢.0.8% NaCl + 15¢.c.n/10 NaOH ... 77 
Human liver ......... 25 1 40¢.c.0.8% NaCl + boiling ............ 100* 
Human liver ......... 25 1 40 «ec. 0.8% NaCl; allowed to become pu- 
trid by standing 4 days .............. 30+ 
Humankidney ....... 25 1 -40:¢.¢.-0.8% NaCl] wx cssicinnces rie iceies 90 
Human kidney ....... 25 1 39.5¢¢.0.8% NaC] + 0.5¢.c2.3% H,O, .. 90 
Humankidney ....... 25 1 35¢¢.0.8% NaCl+ 5e¢.3% H.O, ...... 94 
Humankidney ....... 25 1 25¢.c.0.8% NaCl + 15¢¢.8% H,0O, ..... 90 
Human kidney ....... 25 1 40¢.¢.0.8% NaCl + 0.5 gm. glucose ..... 96 
Humankidney ....... 25 1 40¢c.0.8% NaCl + 5gm. glucose ....... 90) 
Human kidney ....... 25 1 40¢.¢c.0.8% NaCl + 15 gm. glucose ...... 94 
Cat’s blood .......... 50 1 Perfused through liver for 30 min. before 
addition of phenolsulphonephthalein ...100+ 
Dog’shblood ......... 50 1 Aérated with CO for 15 hours .......... 95-96 
Cat’s blood and liver .. whole 1 Blood perfused through liver 2 hours ...... 46 
Cat’s blood and kidneys whole 1 Blood perfused through kidneys 2% hours . 95 
Rabbit liver ......... 32 1 64¢¢.0.8% NaCl + 0.25 gm. glueose .... 79 
Monkey liver ......... 26 1 50cc.0.8% NaCl + 0.25 gm. glucose .... 39 
Beef liver ........... 30 T: Wndihited ata Ge ass cin tae tea uuaew eas 52 
Beef liver ........... 30 L “Undiluted at‘2o.C. cineca tavene ea eeen wean 33 
Beef liver ........... 30 1 -TWndiluted at-30 °C. ..cica wien ien tees 26 
Beef liver ........... 30 1 Undiluted at 25C.+ 0.5gm. glucose ..... 25 
Beef pancreas ....... 30 L- UMGHet6d:  hsecien cide edasere te hdG eos 82 
Cat’smuscle ......... 25 i “Undiluted maaan | ssiy-s-< bees bo eas 38 
Cat’sintestine ....... 25 1. Undiluted mash. oii scuiecivean cede ees 34 
Cat’sliver .......... 25 1 Undiluted mash. .% 5. sib esn cies «eee es 0 
Sheep’sspleen ....... 50 1 Undiluted mash ...........c cc ececeeoens 90 


* Enzyme entirely destroyed. 
+ Enzyme partially destroyed. 
t Blood + phenolsulphonephthalein stood 30 hours. 


instance had a function greatly in excess of the other, indeed sufficient 
functional capacity to allow of successful nephrectomy, marked im- 
provement in general condition occurring subsequently in each case. 

In six cases out of seventy Rowntree and Geraghty have found that 
the catheters caused some inhibition of function, as was also observed 
by Keyes, Jr., and Stevens. This influence can readily be estimated by 
taking the total function either before or after catheterization. 

Kendall, in his investigations of the fate of phenolsulphonephthalein 
when injected into the animal organism, found factors other than the 
kidney influencing its retention. Injections of glucose into animals 
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seem to increase the excretion of the dye, whereas injections of amino- 
acids seem to retard its excretion. The various tissues seem to influ- 
ence the dye, so that some of it is destroyed in the body. The preceding 
table (Table 1) 1s self-explanatory. 

A state of acidosis also seems to retard the excretion of this substance 
by the kidneys. 

Bookman found that fevers markedly influence the functional ca- 
pacity of the kidneys. 


Il. THe COMPOSITION OF THE URINE: AFTER A SPECIAL DIET OR AFTER 
GENERAL DIET 


1. Renal Function as Measured by the Elimination of Fluids, Salt 
and Nitrogen, and the Specific Gravity of the Urine.—Hedinger and 
Schlayer have recently proposed a quantitative test of the mode of uri- 
nary function, as measured by specific gravity, salt and water excretion 
in two-hourly periods. These authors show how the urinary response 
to a full dietary containing a reasonable amount of fluids, salt and 
purins varies in health and disease. They found that the normal and 
the nephritic individuals differ very markedly from one another in the 
results obtained with the so-called ‘‘nephritic test-meal.’’ Not only ean 
the absence or presence of renal function be determined, but likewise 
its intensity. 

Mosenthal records the results of studies carried out along lines sug- 
gested by this work. The test-meal has been simplified somewhat, and 
it appears that the entire procedure, or a part of it, may very well 
become a valuable routine test for the general practitioner. He car- 
ried out this test in more than one hundred cases. The only patients 
not investigated, in whom renal function should have been ascertained, 
were those suffering from acute nephritides; of these, such as had been 
treated in the wards of the hospital during the past winter were too 
sick to take food in any quantity, or were so unmanageable as to 
preclude the proper collection of specimens. It has been ascertained 
that the nephritic test-meal, when duplicated on the same patients, yields 
identical results, provided clinical condition has not changed. In sev- 
eral instances triplicate and quadruplicate observations have been made. 

NEPHRITIC TEST-MEAL.—The directions for the nephritic test-meal 
are contained in the following memoranda, given to the nurse in charge 
of the case in mimeographed form (Mosenthal) : 


All food is to be salt-free food from the diet kitchen. 

Salt for each meal will be furnished in weighed amounts. 

All food or fluid not taken must be weighed or measured after 
meals and charted in the spaces below. 

Allow no food or fluid of any kind except at meal times. 

Note any mishaps or irregularities that occur in giving the diet 
or collecting the specimens. 
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Breakfast, 8 a. M.: 


Bowed: Oatmeal, sg. 6.dce wren bd ann aaare acetone 100 grams 
UG Al cach n cic ens ones paw re ere Ge as ae 4 teaspoonful 
3) CU) cea Ree ee mew ar ae We Bee agate ke CO a rane 30 @.e. 
Two slices bread ............ ccc cae e cece vce eee (30 grams each) 
DUCLOL. saute aoe ee Ste ea ae eee rea ees ees 20 grams 
COMGE: sagt ccccrt ie tee ee ee oes 160 ce. 

SUGAR. cococtc shaun aia Sak Oa ees 1 teaspoonful }200 e.e. 
DTA i052. 25.45 tonne ante awern a areca 40 ee. f 

VAIS es carcasses ag as atcha tsar aicgs eee eto mentee a eee 200 c.¢ 
W aler..ovse akcess Se ntunaGeaom ie ahead tetasaae 200 c.e 

Dinner, 12 Noon: 

Meat SOUR: 082455 Soe S aera beee ose te Mae th eee Ganwded 180 ee. 
ICG IS(O aK nwt nace abies oad e oe tenes ee we 100 grams 
Potato (baked, mashed or boiled)..................6. 130 grams 
Green vegetables .......... ccc cee ec ete ene ee ees as desired 
TWO SUCCES DF6AG ii.o-465.0:66 oe do bea ER Sw es (80 grams each) 
PSU EGE E ss Saiitore dota ecua cart a os baie eee ee omens 20 grams 
CAs see ee ie ate teat Gowae eeaee eee 4 180 «.e. 

DURE y04-s8acewhiewses tad caca yews saber 1 teaspoonful }200 c.c. 
IVETE, Greece gorda hese ici een as aire Soe een elecedele- 20 ce. i 

OW BROR 2 iso 4 Sys eae aye ae asco hha hu ace Sera oat aS Geese hace oes 250 c.ce. 
Pudding (tapioca or rice) ........ ccc w cece eee eee eeee 110 grams 


Supper, 5 P. M.: 
Two eggs, cooked in any style 


Two-slices: Dread ji. 6:40%. 084 OSes be Ge eee eae ees (30 grams each) 
TUG OR satags uh ecards Wak a. a tee le ae ie be re an eld ea te 20 grams 
COs stds toe wer euncah aia. ne eine rae ees 180 @.¢ 

DUGAT ube tevin edie pe iw aie: 1 teaspoonful }200 c.c. 
MAK? 522 5ei hc Bites thre bb Gate eres eon eee 20 c.c. 

Fruit (stewed or fresh). 55 siawcnwss dcatGacwwed ona sures 1 portion 
WY BUCE is. asd Sauce aces avateacery ataG ie aren rw wiles Wp, AE BES as Seen eantee 300 e.c. 


No food or fluid is to be given during the night or until 8 o’clock 
the next morning (after voiding), when the regular diet is resumed. 

Patient is to empty bladder at 8 a. Mm. and at the end of each period, 
as indicated below. The specimens are to be collected for the following 
periods in properly labeled bottles: 


8 a. M.-10 a.m.; 10 a. M.-12 NOON; 12 NOON-2 P.M.; 2 P.M.-4 P.M; 
4p.M.-6 p.M.;6 P.M.-8 P.M.; 8 P.M.-8 A. M. 

Specimens are to be left in the ward until called for at 8:30 a.m. by 
the attendant from the chemical laboratory. 


The above dietary contains approximately 13.4 grams of nitrogen, 
8.5 grams of salt, 1,760 c.c. of fluid, and a considerable quantity of 
purin material in meat, soup, tea and coffee. All these substances act 
as diuretics, and it is on the mode of excretory response to such stimuli 
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that the present study of renal function depends. Spaces are provided 
to chart the amounts of food not eaten by the patient, and correspond- 
ing allowances can be made in calculating the food intake. It is in 
no way essential that all the meals should be taken in their entirety, 
nor that the food should be exactly as indicated. The bill-of-fare here 
presented has been designed to adapt itself to the daily food supply 
furnished by the hospital. In private practice it would only be neces- 
sary to ask the patient to eat three full meals a day and write down 
the approximate quantities, as—1 cup of coffee, two slices of toast, two 
tablespoonfuls oatmeal, etc.—in order to be certain that the diet for 
the day contained a sufficient quantity of the diuretic materials of our 
ordinary food to make an adequate demand on the kidneys to test 
renal function. It is extremely desirable to insist upon the fact that, 
since the food as found in most households suffices to carry out these 
tests, and the procedure is not a complicated one, it need not be confined 
to hospitals and patients who can afford private nurses. 

A wide variation may be permitted in the above-mentioned directions. 
Certain others, however, must be followed slavishly, in order to make 
the outcome of the test yield its maximum result. The urine must 
be collected punctually every two hours. No solid food or fluid of 
any kind must be taken between meals, and especial care must be 
observed that nothing of any kind is eaten nor drunk during the night, 
and that the night specimen is completed before breakfast is touched. 
The reason for this is that the normal kidney responds rapidly to 
fluids, ingested, so that within a few hours a marked diuresis occurs. 
The following observation may serve as an illustration of this previously 
well-established fact: 


Time Interval Urine Volume Fluid Ingested 
6P.M.- 8 P.M. 84 7:30 P. M. supper, with 
8p. M.-10 P. M. 590 1,000 ¢c.c. of water 

10 Pp.M.- 8 A.M. 361 


In this instance, within two and one-half hours of drinking 1,000 c.e. 
of water, over 590 c.c. were eliminated, while during the eight-hour 
period following the diuresis, only 361 c.c. of urine were voided. 

Mosenthal makes the following summary of his findings: 

‘‘The nephritie test-meal, as suggested by Hedinger and Schlayer, 
and elaborated in this paper, has not only proved itself to be an ad- 
mirable test for renal function, but also in many cases has been of 
great value in diagnosing cardiac, renal and other conditions. Much 
pleasure and profit may be derived from a study of diseases of the 
kidney from this point of view, since it forms a basis for a rational 
therapy and a stimulus toward keener clinical operation.’’ 

The test is a quantitative one of the mode of urinary function as 
measured by the specific gravity, salt, nitrogen and water excretion 
in two-hourly periods during the day and for a twelve-hour period at 
night. The normal individual yields specimens with specific gravity 
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figures which vary ten points or more from the highest to the lowest; 
a night urine is high in specific gravity, 1.018 or more, high in its per- 
centage of nitrogen, above 1 per cent., and small in amount, 400 c.c. 
or less. The quantities of water, salt and nitrogen excreted approxi- 
mate the intake. When kidney function becomes involved, the first 
signs are usually demonstrated in the night urine, the quantity becomes 
increased ; the specific gravity and the nitrogen concentration are low- 
ered. One or all of these changes from the normal may occur. In 
severe cases of chronic nephritis, an advanced degree of functional in- 
adequacy of the kidney is indicated by a markedly fixed and low 
specific gravity, a diminished output of both salt and nitrogen, a 
tendency to total polyuria and a night urine showing an increased 
volume, low specific gravity and low concentration of nitrogen. Such 
functional pictures, however, are not confined to nephritis. They are 
found regularly in many other conditions: pyelitis, cystitis, hyper- 
trophied prostate, marked anemia, pyelonephritis, polycystic kidney 
and diabetes insipidus. The cause of diminished renal function, it is 
clear, must be sought for in many directions—the urinary passages, 
the blood or the kidney itself. Prognosis and therapy will depend 
largely upon the cause of the fundamental impairment and not upon its 
degree. A divergence between the degree of functional renal involve- 
ment and the intensity of the signs and symptoms of nephritis is fre- 
quently found, and accentuates the lack of parallelism that there may 
be between functional and anatomical lesions. 

In chronic diffuse (parenchymatous) nephritis, the condition of renal 
function is characterized by its variability. In these instances, the 
results of the test-meal have proved to be extremely valuable in giving 
an idea of the status of the salt, nitrogen and water excretion, besides 
the picture of renal efficiency as a whole. The findings in myocardial 
insufficlency vary according to the activity of the heart. Distinct dif- 
ferences are found in myocardial decompensation and the accumula- 
tion of edema, in the period of eliminating edema, and subsequently, 
when the cardiac compensation is again fully established; it requires 
some time before the kidney resumes its normal activity. This interven- 
ing period is indicated by a tendency to a low, fixed specific gravity and 
a nocturnal polyuria. During the period of full myocardial decompen- 
sation the results of kidney activity are very characteristic, the specific 
gravity is markedly fixed at the level of about 1.020, the salt output is 
diminished, that of nitrogen is high—in marked contrast to the salt— 
and there is oliguria. When chronic nephritis and cardiac decompen- 
sation coexist, as they so often do in hypertensive nephritis, the urine 
may exhibit the characteristics due to either lesion. The determining 
factor is probably to be found in the chronic nephritis which may or 
may not be so far advanced as to present an unchanging barrier to 
the influence of renal congestion. 

O’Hara found that, in general, salt excretion is impaired before 
there is much disturbance of water and nitrogen excretion. In most 
patients salt and water excretion behave very similarly; the nitrogen 


KIDNEY FUNCTION TESTS 263 


excretion is greatly impaired, as a rule, only in the severe cases. Salt, 
water and nitrogen excretion show some disturbance in even the very 
mild cases in which phenolsulphonephthalein excretion is normal and 
there is no increased blood nitrogen. These dietary tests cannot be 
used in all cases of chronic nephritis. They cannot be carried out in 
those that are very severe. The methods involving the determinations 
of the indices of excretion of urea and salt do not have a number of 
the difficulties met with in carrying out the dietary tests. These indices 
were determined in fifteen cases in which both dietary tests were carried 
out, and the indices seem to give as much information as the other 
tests and to possess distinct advantages, inasmuch as they can be de- 
termined for practically every patient and require considerably less 
time and less labor in their execution. According to the author, the 
great advantage of all three of these tests is that they give informa- 
tion as to disturbance of renal functions in those mild cases in which 
phenolsulphonephthalein excretion is normal and the blood-urea-nitrogen 
is not increased. 

Griessmann has made exact studies of the excretion of water, sodium 
chlorid and nitrogen in a small series of nephritis. The patients were 
placed on a diet of rice, condensed milk and raspberry juice. The diet 
was analyzed for its contents in the above-mentioned constituents and 
the patients were kept on it until they had reached a state of equl- 
librium. Each experiment was divided into four periods: (1) The pre- 
liminary period in which the patient was kept on a milk or milk-rice 
diet until there was equilibrium in nitrogen, sodium chlorid and water. 
(2) During the second period, the patient received the standard diet 
plus 20 grams of sodium chlorid. The additional salt dissolved in 400 c.c. 
of water was given only on the first day of this period. (8) In the 
third period, one or two liters of water were added to the standard 
diet. The extra water was also given only on the first day of the period. 
(4) In the fourth period, the patient received the standard diet plus 
20 grams of urea dissolved in 200 c.c. of water on the first day. Two 
of the patients had markedly contracted sclerotic kidneys, as autopsy 
proved. Two suffered from arteriosclerotic renal changes, while the 
fifth had chronic glomerulonephritis. The changes in water excretion 
were the least noticeable. Defect in the excretion of sodium chlorid 
was found in all of the cases, being especially marked in one of the 
cases of interstitial nephritis. In the other cases there was a moderate 
delay in excretion. The urea excretion was studied in only three cases. 
A marked delay was noted in one of these also, a patient with con- 
tracted kidneys. The experiments show, Griessmann says, that as a 
rule disturbances in excretion of sodium chlorid and nitrogen are com- 
bined. Nevertheless, there are cases in which the disturbance of func- 
tion chiefly affects only the salt or the urea. Thus the classification of 
renal diseases on the basis of excretion of salt and urea (Widal, Miiller) 
seems justifiable. 

The accompanying tables (Tables 2-14) are taken from Mosenthal’s 
work : 
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TABLE 2.—NoORMAL REACTION TO NEPHRITIC TEST-MEAL.? 





Urine Sodium Chlorid Nitrogen 
Time of Day 
C.C. Sp. Gr. [Per Cent.) Grams |Per Cent.) Grams 
B=10: asiawtaky ee eats 153 1.016 1.32 2.02 0.89 1.26 
LOI cad eteqaers oa dation 156 1.019 1.25 1.95 0.74 1.15 
WO! a dewcted eho was 194 1.012 0.64 1.24 0.59 1.14 
PA: wi ocean tideaws 260 1.014 0.77 2.00 0.56 1.46 
ee ee ee 114 1.020 0.99 1.13 0.95 1.08 
62:8): so xceenes eee eee 238 1.010 0.43 1.02 0.52 1.235 
Total day vxc«sesevsea% ge a eee Sr 9.36 bags 7.32 
Night, 8-8 ............ 375 1.020 0.63 2.36 1,23 4.61 
Total, 24 hours ........ 1,490 | ..... SP ige 11.72 11.93 
Intake <scave hoe ness 1,760 | ..... sia 8.5 13.4 
Balanee: 5.6.00 00is 008 a +270 | ..... aay —3 22 hseaue +1.47 


Impression: Normal reaction to the nephritic test-meal. Note the variations 
occurring in the fluid output, and the specific gravity, which are in inverse ratio; the 
night urine, which is smal] in amount and shows a high specific gravity and a high 
percentage of nitrogen; and the approximately normal output of water, salt and 
nitrogen in twenty-four hours. 


TABLE 3.—COMPARISON OF NIGHT AND Day URINES IN NORMAL INDIVIDUALS.? 


. . Day Urine 
Night Urine (12 Hours) (12 Hours) 
Case 
Specific Nitrogen Volume Volume 

Gravity (Per Cent.) (¢.¢.) (c.¢. ) 
Als “ines ce arenb rs cha oeae Boerne ese ees 1.020 1,23 375 1,105 
ar asa ina eoadaiehon austen tars Gages ae A8 1.017 1.20 352 1,796 
ne ee ee ye ere eae 1.027 2.07 290 634 
4 ..... Stark a Sekldans cea ae eae 1.019 1.12 350 1,032 
Os aici dwuls ease cae eee 1.018 1.03 390 1,945 
GC ea taranach acetate et 1.018 1.43 361 1,413 
/ LER Tree err Cee 1.019 1.14 355 2,156 
Bo death, adver u accra ea eee ca oe oa 1.018 1.08 402 2,446 
OF eugene tae ae aeie eee 1.026 1.42 277 866 
NO} 45 auchd eae aun uaew aeons aus weak 1.030 1.58 210 1,496 
|) ney Rye Ree een e 1.029 1.85 213 468 
Ne os wa date ew eee news 1.025 1.23 248 861 


1The nitrogen percentage, specific gravity and volume for the night urines of 
normal individuals on nephritic test-diet. Note the high percentage of nitrogen, 
high specific gravity and the smal] volume of urine, as compared to the day specimen. 
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TaBLE 4.—SprEcIFIC GRAVITY OF URINES CoLLFCTFD IN T'wo-HOURLY PERIODS. 





Case 


Normal (Table 2) .........cceceeeeees 16 
Incipient primary contracted kidney ....| 09 
Incipient primary contracted kidney ....| 18 
Advancing primary contracted kidney ...| 18 
Advancing primary contracted kidney ...| 19 
Advanced primary contracted kidney ...j 11 
Advanced primary contracted kidney ...| 12 
Advanced primary contracted kidney .... 10 
Advanced primary contracted kidney ....| 09 


Incipient chronic diffused nephritis ..... 20 
Incipient chronic diffused nephritis ..... 09 
Advanced chronic diffused nephritis ..... 12 
Secondary contracted kidney ........... 09 
Congested kidney; myocardial decompen- 
sation marked ........-..-..e2ee cues 18 
Congested kidney; moderate myocardial 
decompensation ......... cece cece eeee 25 
Congested kidney; cardiac compensation; 
losing edema .........-.. es eeeeeees 12 
Congested kidney; cardiac compensation; 
edema disappeared ..........0.eeeees 05 
Polycystic kidney ...........ceeeeeees 10 
Marked anemia .......... cc ccc eee evees 10 
Diabetes insipidus ............-.---06- 04 
Cystitis, pyelitis, prostatic hypertrophy ..| 10 
Pyonephrosis: nq 0.40%. snes eee a aS ee 11 


Specific Gravity * 
19 | 12 |] 14 | 20 
14 | 09 | 10 14 
09 16 | 22 | 13 
17 13 | 13 13 
20 20 | 20 21 
11 10 | 11 11 
11; 12 {11 ] 12 
09 | 10 | 09 | 09 
06 |} 07 | O08 | .. 

. | 24) 33 | 28 
16} 15] 17 |] 12 
1] 14] 1] 13 
10 | 12] 10] 12 
20 | 19 | 18 | 20 
24 | 241 25 | 24 
15 | 10] 15 13 
06 | 11 4 09 | 09 
10 10} 11 |] 10 
10 | 10] 10 | 10 
Ot | 06 | 04 | 04 
10 10 | 10 11 
12 12 | 13 | 12 


10 
06 
10 
15 
20 
11 
13 
10 
08 
30) 
07 
11 
10 


21 
21 
10 


10 
10 
11 
04 
11 
12 


Degrees of 
Variation 
in 
Readings 


10 


ay 
I GO 


fund 
SOwraowreneho 


|e el S22 ell ee ) | 14 | > w 


1 Variations of specific gravity in the day urines collected in two-hourly intervals. 
Only the last two 


Note the fixed specific gravity of the severe cases of nephritis. 


figures of each reading are given. 
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TaBLE 5.—SHOWING THE CONSTANCY OF NocTURNAL PoLyurIA AND Low SPprciric 
GRAVITY IN THE URINE OF A CASE OF ADVANCED CHRONIC DIFFUSED NEPHRITIS. 








Volume of Urine (c.c.) Specific Gravity of Urine? 
Day Night Day Night 
1,390 560 12 10 
935 710 12 11 
1,010 760 11 10 
1,122 705 10 10 
790 790 10 10 
908 1,110 11 10 
880 1,184 11 10 
1,020 1,360 12 09 
1,075 1,120 11 10 
1,140 1,255 10 10 
1,375 730 12 11 
1,600 1,160 12 10 
1,525 1,090 12 11 
1,400 1,260 11 10 
1,146 1,100 11 12 
1,940 1,060 10 09 
1,280 1,520 10 09 
1,640 1,400 10 10 
1,370 1,370 11 10 
1,480 1,480 18 18 
1,340 1,680 19 17 
1,410 1,340 10 10 
1,480 1,410 12 10 
1,185 1,610 10 08 


*Only two last figures are given. 


TABLE 6.—NEPHRITIC TEST-MEAL IN A CASE OF CHRONIC DIFFUSE (PARENCHYMATOUS) 





NEPHRITIS.* 
Urine Sodium Chlorid Nitrogen 
Time of Day — 

c.c. Sp. Gr. |Per Cent.) Grams |Per Cent.) Grams 

BLO? akc. ane eeceiona 32 P0251; caitee. J Ged 4h, Siew. OF -ateanee 
OST: - ecwia eine sk Sotinaanavetsa ees OF! eects errr Gee 
lone eee Soe iaaes 54 T2028 ch pace Ae kode. dare: CP eae 
Cat 5 nt eccha rls Macey gle 64 T0380. [. séewe Ae setae GY Societe VL feesduaee 
a ae 64 12028) cheat ae ese: EN wees, li Sears 
O58. satawevedontadced 66 PA0OO. it wae. “Ua. coeatas WY. Shek hy mttaer d 
Total day ...........45 280 | ..... 0.18 0.50 1.91 5.34 
Night, 8-8 soci sncee os 595 1.016 0.08 0.48 0.93 5.53 
Total, 24 hours ........ BIO" ih. wieseees ey 0.98 ere 10.87 
Intake ..........0008. 1,760 | ..... ne 8.50 scans 13.40 
Balance: 22. csee5 eevee. +885 | ..... woes | +7.52 er +2 .53 





Impression: There is marked salt and water retention; the excretion of nitro- 
gen is adequate. The variations in specific gravity distinguish this case from one 
of cardiac insufficiency, and indicate that renal function as a whole is not seriously 


impaired. 
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TABLE 7.—NEPHRITIC TEST-MEAL IN THE SAME CASE AS PREvious TaBLE SoME TIME 








LATER. 
Urine Sodium Chlorid Nitrogen 
Time of Day 

Sp. Gr. |Per Cent.| Grams |Per Cent.| Grams 
BID ws hctactin trachea saa’ 1.015 0.82 1.12 0.70 0.95 
LOT 2: aceeaweeseedinaues 1.016 0.82 1,11 0.80 1.18 
VD hos stuck whee deiackes 1.016 0.78 0.84 0.79 0.85 
Van. cube tren ad che 1.015 0.57 1.04 0.79 1.46 
AG” ccd eh eee aise 1.015 0.48 0.46 0.79 0.76 
a Se ree ee 1.004 0.30 1.45 0.25 1.18 
Total:day sccaciavevcas| A148) 1. occ 6.02 er 6.38 
Night, 8-8 ..........4. 1.010 0.34 3.26 0.38 3.65 
Total, 24 hours ........] 2,103 | ..... 9.28 sears 10.03 
Intake: siceeicisencscel 1,700: |) aace. 8.50 tat 13.40 
Balance ...........4. .| 843 | ..... —().78 sas od +3.37 





1 Water and salt are excreted in excess in contrast to previous meal. The 
polyuria, both during the day and night and the rather low fixed specific gravity, 
are due to the fact that this patient is eliminating edema, and must not be con- 
founded with similar curves obtained in case of high hypertensive nephritis, where 
they would indicate a considerable degree of impaired renal function. On physical 
examination, the two conditions can very easily be distinguished from one another. 


TABLE 8.—NITROGEN, SALT AND WATER EXCRETION IN ADVANCED UNCOMPLICATED 
INTERSTITIAL NEPHRITIS,’ 





Urine Sodium Chlorid Nitrogen 
es Vol Speeifi 

olume | Specific 

(c.c.) | Gravity Per Cent.| Grams | Per Cent.| Grams 
Ly epee aa eae eae eee 776 1.014 0.37 2.88 0.65 5.08 
eh eine Selick dig ae et Be 1,282 1.013 0.29 3.69 0.52 6.71 
OD. cane ewe eae een ear Nes 1,276 1.012 0.42 5.41 0.49 6.28 
Be as tees deat id Se ye 1,035 1.009 0.35 9.34 0.42 6.51 
Ot > eee ane ere ea ee we 1,873 1.011 0.41 7.64 0.14 2.59 
0: sae eae einwaae se She 5s 1,541 1.010 0.30 4.70 0.30 4.64 
Te cknesiit ceca Araceae hee! J ,665 1.009 0.12 2.00 0.09 1.50 





2The approximate intake was 1,760 c.c. of fluid, 8.5 grams of salt and 13.4 
grams of nitrogen in each case. 
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TABLE 9.—TyYPES oF CASES OTHER THAN CHRONIC INTERSTITIAL NEPHRITIS, WHOSE 
URINE Grves EVIDENCE OF ABNORMAL NOCTURNAL EXCRETION. 





Night Urine 





Disease 





Specific | Per Cent. 


(c.c.) Gravity* | Nitrogen 





1, Chronic diffuse nephritis during 


(a) Water retention (edema formation) .... 595 16 0.93 
553 16 0.62 
367 20 0.88 
270 30 sie 
106 28 
(b) Elimination of edema ..............0.. 960 11 bbe 
960 10 0.47 
950 14 0.73 
(c) Water balance (edema eliminated) ..... 865 13 0.75 
490 14 1.01 
400 17 1.17 
2. Heart disease during 
(a) Myocardial decompensation ............ 275 21 1.85 
172 21 1.67 
119 25 1.82 
91 20 1.68 
(b) Elimination of edema ........... woveee} 1,340 11 0.51 
990 13 0.56 
850 10 0.28 
720 07 0.35 
(c) Water balance (edema climinated) ..... 520 14 0.84 
515 11 0.53 
438 12 0.67 
3. Hypertensive nephritis, complicated by myo- 
cardial decompensation .............. 815 18 0.94 
546 17 0.68 
435 16 0.51 
405 18 1.07 
350 19 1.12 
108 18 1.09 
4. Severe anemia .........00+% a ee eee Seren 1,250 10 0.51 
680 10 0.52 
256 11 0.57 
180 16 0.39 
5. Cystitis and hypertrophied prostate gland ....| 1,395 09 0.43 
1,146 10 0.36 
775 11 0.44 
6. Pyelonephritis: .2cc0ci2ee0siestdd tae sco ees 950 10 0.45 
7. Polycystic kidney .........ceceeceees Dare bees 1,290 10 0.45 
8. Diabetes insipidus ............ cece ee ec eenee 594 07 0.20 





* Last two figures only. 
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TABLE 10.—NEPHRITIC TEST-MEAL IN AN INDIVIDUAL WITH A SLIGHT GRADE OF ALBU- 
MINUBIA, A Few Casts, But No OTHER SIGNs or NEPHRITIS.' 





Urine Sodium Chlorid Nitrogen 
Time of Day 
Volume | Specific 

(e.c.) | Gravity Per Cent.| Grams {Per Cent.) Grams 

Babs cate enews 65 1.020 ee: |i xeeuaas 
I-12 4c ccsa< eieine ade a 67 1.021 ee ieee ee 
12—~ 2 ..... ee ee 90 1.020 abricn A weg igs 
BAe Le ata ek td Grd 126 T0194} - eee, 1 ete OP Cae I aed 
4=26). 2 ey eee eae 146 POV, Sees UR ached 1 cedar it: S22 Bey 
6208 sakieceiesdewens 172 DOES Ue. eh I! ete, We: ale We Goaeen 
Total GBY> i.3 daswew see ox 666 | ..... 1.05 6.99 
Night; 8-8 i206 icascedes 660 1.011 0.71 4.69 
Total, 24 hours ........ 1,326 |; ..... 11.68 
Intake ........ceeeees 1,760 | ..... 13.40 
Balance .........+0.-. +434 [| ..... +1.72 





The concentration of urine, as indicated by the specific gravity and the 
percentage figures of sodium chlorid and nitrogen, is satisfactorily high. The 
total amounts of fluids and solids eliminated may also be considered normal. How- 
ever, the urinary volume and specific gravity do not vary after the ingestion of 
meals as they should, and the night urine shows a distinct nocturnal polyuria with a 
low specific gravity. The whole picture, therefore, represents a moderately im- 
paired renal function. 


TasBLE 11.—REAcTION TO NEpPHRITIC TEST-MEAL IN ADVANCED HYPERTENSIVE 





NEPHRITIS.* 
Urine Sodium Chlorid Nitrogen 
Time of Day 

Volume | Specific 
(c.c.) | Gravity Per Cent.| Grams |Per Cent.| Grams 
B10). 2ctésesac ornate 133 1.010 0.36 0.48 0.35 0.47 
LOAD. coh aur Gas eee. 176 1.009 0.36 0.63 0.34 0.60 
EPIL verge brah va gicacta soho tore 156 1.010 0.32 0.50 0.35 0.55 
OE ashen daeasaws4 212 1.009 0.36 0.76 0.34 0.72 
ee ee eee eee 164 1.009 0.38 0.62 0.36 0.59 
G28 Shas aueeetecaes 104 | 1.010 | 0.33 0.34 0.33 0.34 
Total BY ctl setom. 5a 945 | ..... fei des 3.33 eases 3.27 
Night, 8-8 ............ 590 1.010 0.34 2.01 ‘| 0.38 2.24 
Total, 24 hours ........ 1,535 | ..... Saitivs 5.34 eee 5.51 
Intake ic ess ssc caseus 1,510 | see. esis 5.80 sa os 12.20 
Balance .............. —25 | ..... seats +0.46 if eaics +6.69 





*There is very marked fixation of the percentage figures for nitrogen and salt 
concentration and the specific gravity. There is evident nitrogen retention. The 
salt intake is too low to make it certain that a diminished ability to excrete salt 
does not exist. 
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TABLE 12.—REACTION TO NEPHRITIC TEST-MEAL IN EXTREME INTERSTITIAL 





NEPHRITIS.,” 
Urine Sodium Chlorid Nitrogen 
Time of Day P 
Volume | Specific 

(cle) | Gravile Per Cent.) Grams | Per Cent.) Grains 

Bal” ng camaagee wear 24 L008: £) antec. F aeast. Gil) @esa. 1 aeaec 
LOST 2: ana Ruka ees 106 LSONG™ | seis: ol Seite. I “eaee. 2 Maes 
Dee iehisera arch Manse atest gn Sac 82 POOF: | -eas- AL eawem.” 1 epee AU. eal eans 
2224. chp one uensat ins 83 1.008 a ee ee ees eee eae 
ADO: ceipanuner ewe eh Oz} areeats dh remade. 1) aaa oll] sume. ) atnteee 
ae eee ee eer 230 TA008 il se. waar. 1, eee Yl See ak 
Total day: sceasiwls atin c O29 |e eaars 0.12 0.63 0.25 1.28 
Night, 0-8. 63.5sc08¥ws 1,140 1.007 0.12 1.37 0.20 2.27 
Total, 24 hours ........ 1,665 | ..... eek 2.00 seis 3.55 
Intake: - ventenecew se ews 1,850) |) aces gt sexe 6.00 aiNevane 13.00 
Balance ............6. +185 | ..... cates +4.00 uated +9 .45 


Note the low fixed specific gravity, the retention of salt and nitrogen, and the 
night urine, which is increased in amount, shows a low specific gravity and a low 
nitrogen concentration. 


When there is passive congestion of the kidney due to myocardial 
insufficiency, the amounts of water and sodium chlorid eliminated are 
much diminished, while the nitrogen excretion remains approximately 
normal. An extreme case of this kind was found in L., who, on autopsy, 
proved to have cardiac decompensation, brought on by a severe grade 
of myocarditis, thrombosis of the coronary arteries and infarcts in the 
myocardium; the kidneys showed congestion only; urinary tests in this 
patient yielded the results shown in Table 13. 


TABLE 13.—RESULTS OF URINARY TESTS IN MARKED MYOCARDIAL INSUFFICIENCY 
(PATIENT L.) 





Urine Sodium Chlorid Nitrogen 
Day 
bea one Per Cent.| Grams | Per Cent.} Grams 
di. eeatyitevie ieee dated Waste 850 1.022 0.02 0.17 1.76 14.9 
OF meus eh eee aa ecnG d 770 1.022 0.04 0.31 1.74 13.4 
SO Gat uk oh oweyeuien was 545 1.025 0.03 0.16 1.56 8.5 
Stier e es eae kebeawn 420 1.025 0.02 0.08 1.56 6.6 





In such instances, the minimal concentration of salt and the high 
percentage of nitrogen indicate the very limited ability of the kidney 
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to eliminate sodium chlorid, while the power to excrete nitrogen remains 
normal, provided a reasonable amount of urine is secreted. 

Milder grades of myocardial decompensation yield similar results, 
though the sodium-chlorid elimination is not diminished to the same 
extent. These and two similar cases may be summarized in Table 14. 


TABLE 14.—SuUMMARY OF URINE TESTS IN CASES OF MYOCARDIAL DECOMPENBATION.? 


Urine Sodium Chlorid Nitrogen 
Case is nee 

olume | Specific ; 

(e.c.) | Gravity Per Cent.| Grams |Per Cent.| Grams 
L ghewatener ees tawsees 540 1.020 0.25 1.34 1.44 7.78 
OC Geiesees: Be eee Gaus 573 1.019 0.28 1.62 1.76 10.08 
Be, eee Rate Bied VTS ES 484 1.022 0.52 2.53 1.58 7.64 
Oe 42d Mk Gar A es 446 1.018 0.61 2.72 1.38 6.15 


>The low percentage of salt and the oliguria, as compared with the high con- 
centration of nitrogen, are very strikingly shown in the above table. 


DETERMINATION OF CHLORIDS.—Chlorids may be determined in the 
urine by the following methods as described by Hawk: 

(a) Volhard-Arnold Method.—Principle.—The urine is acidified with 
nitric acid and the chlorids precipitated with a measured excess of 
standard silver-nitrate solution. The silver chlorid form is filtered off 
and the filtrate, the excess silver nitrate, is titrated back with standard 
ammonium thiocyanate solution. Ferric ammonium sulphate is used 
as an indicator. A red color due to the formation of ferric thiocyanate 
indicates that an excess of thiocyanate is present and that the end point 
has been reached. 

Procedure.—Place 10 ¢.e. of urine in a 100 ¢.e. volumetric flask ; add 
20-30 drops of nitric acid (sp. gr. 1.2) and 2 cc. of a cold saturated 
solution of ferric alum. If necessary, at this point a few drops of 8 per 
cent. solution of potassium permanganate may be added to dissipate 
the red color. Now slowly run in a known volume of the standard silver- 
nitrate solution (20 ¢.c. is ordinarily used) in order to precipitate 
chlorin and insure the presence of an excess of silver nitrate. The 
mixture should be continually shaken during the addition of the stand- 
ard solution. Allow the flask to stand 10 minutes, then fill it to the 
100 ¢.c. graduation with distilled water and thoroughly mix the con- 
tents. Now filter the mixture through a dry filter paper, collect 50 c.c. 
of the filtrate and titrate it with standardized ammonium-thiocyanate 
solution. The first permanent tinge of red-brown indicates the end 
point. Take buret reading and compute the weight of sodium chlorid 
in the 10 ¢.c. of urine used. 

Calculation —The number of c¢.c. of ammonium-thiocyanate solution 
used indicates the excess of standard silver-nitrate solution in the 50 c.c. 
of liquid filtered. Multiply this reading by 2, inasmuch as only one-half 


272 FUNCTIONAL DIAGNOSIS 


of the filtrate was employed, and subtract this product from the num- 
ber of c.c. of silver nitrate (20 ¢.c.) originally used, in order to obtain 
the actual number of c.c. of silver nitrate utilized in the precipitation 
of the chlorid in the 10 c.c. of urine employed. 

To obtain the weight in grams of the sodium chlorid in the 10 cc. 
of urine used, multiply the number of c.c. of the standard silver-nitrate 
solution actually utilized in the precipitation by 0.010. If it is desired 
to express the result in percentage of sodium chlorid move the decimal 
point one place to the right. 

In a similar manner the weight, or percentage of chlorin, may be 
computed, using the factor 0.006 instead of 0.010. 

Standard silver-nitrate solution may be prepared by dissolving 29.042 
grams of silver nitrate in 1 liter of distilled water. Each ec.e. of this 
solution is equivalent to 0.010 gram of sodium chlorid or to 0.006 gram 
of chlorin. 

This solution is made of such a strength that 1 ¢.c. of it is equal to 
1 «ec. of the standard silver-nitrate solution used. To prepare the 
solution dissolve 13 grams of ammonium thiocyanate, NH,SCN, in a 
little less than a liter of water. In a smali flask place 20 c.c. of the 
standard silver-nitrate solution, 5 c.c. of the ferric alum solution and 
4 ec. of nitric acid (sp. gr. 1.2); add water to make the total volume 
100 ¢.e., and thoroughly mix the contents of the flask. Now run in 
the ammonium-thiocyanate solution from the buret until a permanent 
red-brown tinge is produced. This is the end-reaction and indicates 
that the last trace of silver nitrate has been precipitated. Take the 
buret reading and calculate the amount of water necessary to use in 
diluting the ammonium thiocyanate in order that 10 c.c. of this solution 
may be exactly equal to 10 c.c. of the silver-nitrate solution. Make this 
dilution and titrate again to be certain that the solution is of the proper 
strength. 

(0) Volhard-Harvey Method.—Principle—This procedure differs 
from the Volhard-Arnold method in that the excess of silver nitrate 
is titrated directly without filtering, and hence in the presence of the 
silver chlorid. The procedure is thus more rapid but the exact end 
point is more difficult to determine. 

Procedure.—Introduce 5 c.c. of urine into a small porcelain evap- 
orating dish or casserole and dilute with about 20 c.c. of distilled water. 
Precipitate the chlorids by the addition of 10 c.c. of standard silver- 
nitrate solution and add 2 c.c. of acidified indicator.* Now run in a 
standard ammonium-thiocyanate solution from a buret until a faint 
red-brown tint is visible throughout the mixture. This point may be 
uetermined readily by permitting the precipitate to settle somewhat. 
Calculate the sodium-chlorid value, as indicated below. 

* This is prepared as follows: To 30 cc. of distilled water add 70 e¢.c. of 33 
per cent. nitric acid (sp. gr. 1.2) and dissolve 100 grams of crystalline ferric 
amimonium sulphate in this dilute acid solution. Filter and use the filtrate, which 
is a saturated solution of the iron salt. This single reagent takes the place of 


the nitric acid and ferric alum, as used in the Volhard-Arnold methods, and in- 
sures the use of the proper quantity. 
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(If a red tint is produced when the first drop of thiocyanate is 
added, an additional 10 c.c. of the standard silver-nitrate solution must 
be introduced. The titration should then proceed, as above described, 
and proper allowance made in the calculation for the extra volume of 
silver nitrate employed. ) 

Calculation.—Since 2 c.c. of the ammonium-thiocyanate solution * is 
equivalent to 1 ¢.c. of the silver-nitrate solution, divide the buret read- 
ing by 2 and subtract the quotient from 10 c.c., the quantity of silver- 
nitrate solution taken. This value is the number of c.c. of silver-nitrate 
solution actually used. 

EXPERIMENTAL PoLyurRIA.—(a) Strauss-Greenwald Method (Barton). 
—The patient takes no nourishment after 7 P.M. At 6.30 a.M. the fol- 
lowing morning a pint of water is ingested. The night urine is col- 
lected; also that voided at 7, 8, 9,10 and 11 a.m. The amounts and 
specific gravity of each portion are recorded. The patient remains in 
a reclining position during the time of the test. In normal cases an 
amount of urine is passed in the first 3 hours, equal to that which was 
drunk. That is, by 10 a.m. at least a pint is voided. At 8 a.M. the 
specific gravity is lowest. Variations in the amount voided, time re- 
quired and specific gravity will indicate abnormal renal function. 

(b) Water Experiment of Kovesi and Roth-Schulz.—At noon the 
patient is allowed to drink 1.8 liters of Salvator water in the course of 
one hour. The amount of urine is then measured and its freezing point 
determined in the fractions voided every half hour during the next 
5 hours. 

In acute nephritis the quantity of urine generally diminishes con- 
siderably at the onset of the disease, and usually at the same time when 
edema is developed. This is most obvious in scarlatinal nephritis, in 
which the primary seat of the lesion is glomerular. In these cases it 
is only the incapacity of the kidneys that is responsible for the rapid 
diminution of diuresis. There is neither molecular nor hydrostatic pres- 
sure of the blood. Moreover, the oliguria is found to be independent 
of the supply of fluid. In the first severe stages of the disease this 
supply increases the edema, but not the diuresis, or only to a very in- 
sufficient extent. It is, therefore, quite useless to give the patient large 

*This is a solution of ammonium thiocyanate of such a strength that 2 c.c. is 
equivalent to 1 ¢.c. of the silver-nitrate solution. First make a concentrated solu- 
tion by dissolving 13 grams in 1 liter of water. To determine the requisite dilu- 
tion to make such a solution that 2 ¢c.c. shall be equivalent to 1 c.c. of a silver- 
nitrate solution, proceed as follows: Introduce 10 c.c. of the silver-nitrate solu- 
tion into a small porcelain evaporating dish or casserole; add 30-50 c.c. of distilled 
water, 2 c.c. of the acid indicator; and titrate, as described above, with the am- 
monium-thiocyanate solution. The total volume of the concentrated thiocyanate 
solution excluding that used in the titration is divided by 10, and the result mul- 
tiplied by the difference between this buret reading and 20 ec. This will give 
the volume ‘of distilled water which must be added to the concentrated thiocyanate 
solution to render 2 c.e. equivalent to 1 c.c. of the silver-nitrate solution used in the 
precipitation of the chlorids. As 1 c.c. of the silver-nitrate solution is equivalent 
to 0.01 gram of sodium chlorid, the number of c.c. of silver-nitrate solution used, 
multiplied by 0.01 gram, will give the weight of sodium chlorid in the 5 c.c. por- 
tion of urine used. The weight of chlorin may be computed by using the factor 


0.006 instead of 0.01. 
VOL. II.—18. 
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quantities of fluid in order to wash out the kidneys. Such a measure 
unnecessarily irritates an organ which is already impaired (von Noor- 
den). The spontaneous increase of diuresis is the first and surest sign 
of convalescence, or of transition into a chronic condition. Edematous 
fluid is excreted, and the kidneys at the same time begin again to react 
to the amount of liquid given. 

Ezxample.—A girl of fourteen, with acute scarlatinal nephritis, has 
taken daily 1,500 ¢.c. of milk. To this was added 1 liter of weak tea on 
the third and seventh days of the observation. 


Day Quantity of Urine Extras 
¢.c, 
550 
320 = 
350 1 liter tea 
300 
820 
1,460 
2,310 1 liter tea 
1,670 Z 


‘“When the excretion of water and the reaction to the intake of 
water are lessened in cases of acute nephritis, it generally happens 
that the output of solid substances is aJso lowered (we are not here 
considering albumin). In chronic interstitial nephritis, on the other 
hand, it is frequently found that this parallel does not hold good. Thus, 
as long as oliguria persists in acute nephritis the valency figure (de- 
pression of the freezing-point in a sample of the total quantity of urine 
passed during twenty-four hours) is considerably below normal while 


con® Om © De 


TABLE 15.—FREEZING-POINT OF URINE. 


Average Hourly Diuresis Freezing-point Lowered 


ae Dee ae me 


After 1,800 e.c. After 1,800~e.c. 
Salvator Water Salvator Water 


Spontaneous During Three ePenaneoue During Three 
Hours Hours 
c.Cc. c.c. 
Normal ic 44055000 52 723 1.33°-2.17° | 0.09°-0.75° 
Acute nephritis ...... 91 103 0.60°-0.75° | 0.53°-0.87° 


the molecular concentration of any one sample may remain within the 
normal limits. The defective reaction to the amount of fluid taken is 
all the more striking when it is a question of the physical analysis of 
the urine. The freezing-point of the urine—that is, its molecular con- 
centration—varies hardly at all, whereas in healthy people that is not 
the case. Two examples given by G. Kovesi and W. Roth-Schulz illus- 
trate this’’ (von Noorden). 
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Von Noorden considers that clinical experience justifies these au- 
thors in affirming that the defective adjustment of the kidneys to a 
varying water supply is an important clinical symptom. It is more 
characteristic of, and it is found more invariably in, cases of acute 
nephritis than either oliguria, hyposthenuria or oligochloruria. 

(c) Water Experwment of H. Strauss—lIn the evening the patient 
is allowed to take a pint of milk soup (unsalted). The following 
morning he is told to drink 500 c.c. of water, on an empty stomach. 
The bladder is emptied before the beginning of the experiment, about 
10 p.m., and again at 5 a.m. For 5 hours following the ingestion of 
water at 6 A.m., no food or fluid is permitted. The amount of urine, 
the lowering of the freezing-point, and the sodium-chlorid content are 
determined. 

Under normal circumstances, the polyuria appears within the first 
half hour, reaching its maximum at this time, and quickly sinking. The 
content of solids becomes less, and the depression of the freezing-point 
(A) becomes less. With an incapacitated organ the excessive excretion 
of the water is delayed or does not take place and the cryoscopie de- 
termination will be altogether abnormal. 

(d) Opsiuria Test.—Opsiuria, designating retarded urine excretion, 
is determined by the opsiuric test. The patient has his supper at 7 P. M., 
after which he may not take any more fluid. At 7 a.m. he empties his 
bladder, after which he takes 500 e.c. of ordinary drinking water, but 
nothing else (either to eat or drink) until 12 o’clock (noon). Pune- 
tually at 8, 9, 10, 11 and 12 o’clock the patient is asked to urinate. The 
amount of urine voided at each micturition is measured. At noon the 
test is finished. Normally, the urinary excretion increases pretty rap- 
idly until the end of the second hour, after which it decreases rather 
quickly. Szollosy’s observations showed that the opsiuric test is not 
only of value in the recognition of disturbances in the portal circulation 
—for the testing of which Gilbert and Lereboullet had especially intro- 
duced this method—but that it possesses a certain diagnostic value in 
other respects. By its employment the motor insufficiency of the stomach 
may be determined; the method may also be of value in recognizing 
certain disturbances of the circulation, particularly in beginning decom- 
pensation. It is of import in functional renal diagnosis. 

2. Physical Methods for Testing Composition of the Urine.— 
For the determination of the freezing-point the following process may be 
used (Hawk). 

FREEZING-POINT (Cryoscopy).—The freezing-point of a solution de- 
pends upon the total number of molecules of solid matter dissolved in 
it. The determination of the osmotic pressure by this method has come 
to be of some clinical importance, particularly as an aid in the diagnosis 
of kidney disorders. In this connection it is best to collect the urine 
from each kidney separately and to determine the freezing-point in the 
individual samples so collected. By this means, considerable aid in the 
diagnosis of renal diseases may be secured. The fluids most frequently 
examined cryoscopically are the blood and the urine. The freezing- 
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point is denoted by A. The value of the freezing-point for normal 
urine varies ordinarily between —1.3° and —2.3° C., the freezing-point 
of pure water being taken as 0°. A is subject to a very wide fluctuation 
under unusual conditions. For instance, following copious water, or beer 
drinking, the freezing-point may have as high a value as —0.2° C., 
whereas on a diet containing much salt and deficient in fluids the value 
may be lowered to —3° C. or even lower. The freezing-point of normal 
blood is generally about —0.56° C. and is not subject to the wide varia- 
tions noted in the urine, because of the tendency of the organism to 
maintain the normal osmotic pressure of the blood under all conditions. 
Variations between —0.51° and 0.62° C. may be due entirely to a 
dietary condition, but if any marked variation is noted it can, in most 
cases, be traced to a disordered kidney function. 

Freezing-point determinations may be made by means of the Beck- 
mann-Heidenhain apparatus (Fig. 40) or the Zikel pektoscope. The 
Beckmann-Heidenhain apparatus consists of the following: A strong 
battery jar or beaker (C) furnished with a metal cover, which is pro- 
vided with a circular hole in its center. This strong glass vessel serves 
to hold the freezing-mixture, by means of which the temperature of the 
fluid under examination is lowered. <A large glass tube (B) designed as 
an air-jacket, and formed after the manner of a test-tube is intro- 
duced through the central aperture in the metal cover, and into this air- 
jacket is lowered a smaller tube (A) containing the fluid to be tested. 
A very delicate thermometer (D), graduated in hundredths of a degree, 
is introduced into the inner tube and is held in place by means of a 
cork, so that the mercury bulb is immersed in the fluid under examina- 
tion but does not come into contact with any glass surface. A small 
platinum wire stirrer serves to keep the fluid under examination well 
mixed while a larger stirrer is used to manipulate the freezing mix- 
ture. (Rock salt and ice in the proportion 1:3 form a very satisfactory 
freezing mixture.) 

In making a determination of the freezing-point of a fluid by means 
of the Beckmann-Heidenhain apparatus proceed as follows: Place the 
freezing mixture in the battery jar and add water (if necessary) to 
secure a temperature not lower than 3° C. Introduce the fluid to be 
tested into tube A, place the thermometer and platinum wire stirrer 
in position, and insert the tube into the air-jacket, which has previously 
been inserted through the metal cover of the battery jar. Manipulate 
the two stirrers in order to insure an equalization of temperature and 
observe the course of the mercury column of the thermometer very 
carefully. The mercury will gradually fall, and this gradual lowering 
of the temperature will be followed by a sudden rise. The point at 
which the mercury rests after this sudden rise is the freezing-point. 
This rise is due to the fact that, previous to freezing, a fluid is always 
more or less over-cooled and the thermometer temporarily registers a 
temperature somewhat below the freezing-point. As the fluid freezes, 
however, there is a very sudden change in the temperature of the liquid, 
and this change is imparted to the thermometer and causes the rise, as 
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indicated. It occasionally occurs that the fluid under examination is 
very much over-cooled and does not freeze. Under such circumstances, 
a small piece of ice is introduced into it by means of the side tube noted 
in the figure. This so-called ‘‘inoculation’’ causes the fluid to freeze 
Instantaneously. 





Fia. 40.—BECKMANN-HEIDENHAIN FREEZING-POINT APPARATUS (Long). 


A, the tube in which the mixture to be observed is placed; B, the outside or air- 
mantle tube; C, the containing jar; D, thermometer. Two stirrers are shown, one 
for the cooling mixture in the jar and one for the experimental mixture. 


According to Bugarsky a certain relation exists between the freezing- 
point depression and the specific gravity, namely: 


The equation, where S represents specific gravity, has no general 
application, and, according to Steyrer, is only approximate for normal 
urines. The validity of the relation found by Bugarsky between the 
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electrical conductivity and the ash content of the urine seems also to 
require further proof. 

CRYOSCOPY OF THE URINE (Method of Dreser and of Koranyt) .—The 
method for the determination of the depression of the freezing-point 
(4) of the urine has already been described (see p. 276). 

Von Noorden says: ‘‘The hopes aroused by Dreser’s and Koranyi’s 
admirable work have vanished within a few years.’’ 

The urine contains organic and inorganic molecules in true solu- 
tion. Asa result, its freezing-point is lower than that of water. The 
difference may be expressed by the sign A. In the mixed urine of 
twenty-four hours, the lowering of the freezing-point was found in 
healthy persons to vary between —0.87° and —2.43°. Examination 
of individual samples showed even greater variations. In consequence 
of the uniform relations which exist between the number of dissolved 
molecules in a solution and the freezing-point, the latter affords a con- 
venient test for its molecular concentration. If this is increased, the 
condition is termed hypersthenuria, and if lowered, hyposthenuria. If 
the amount of the lowering of the freezing-point is multiplied by the 
quantity of the urine, a value for the total molecular output results. 
This product (4 quantity of urine) is termed ‘‘valency value,’’ as sug- 
gested by Strauss. In healthy people it varies considerably—from about 
1,000 to 3,500. Pathological deviations, above or below, are denoted 
by the terms polyvalurta and oligovaluria respectively. It is convenient 
for many purposes to reckon the valency value in terms of its sodium- 
chlorid equivalent. 
valency value 

61.3 
how many grams of sodium chlorid must be contained in the urine in 
order to produce the given freezing-point. If this estimate has been 
arrived at, and the true sodium-chlorid content of the urine determined, 
it is possible by subtraction (sodium-chlorid equivalent — sodium-chlorid 
content) to arrive at the sum-total of the other urinary substances in 
solution.* 


The quotient enables one to determine approximately 


Quantity of urime ............. = 1,500 e.e. 
|e ee ee ee ee Se ee ee == 40" 
WValeney 2 ys ie seer e daiwa s = 2,100 
NaCl equivalent ............... = 2,100 — 61.3 = 34.2 grams 
NaCl in urine ...............4. = 10.8 
NaCl equivalent of the other dis- 
solved constituents ......... = 34.2 — 10.8 = 23.4 grams 


* The doubtful element in estimating the NaCl equivalents lies in the fact that all 
urines have the same degree of dissociation of a 1 per cent. solution of sodium 
ehlorid (A. Steyrer) for all their inorganic molecules. Urine which has been diluted 
to one-tenth of its usual density promises more accurate values as regards the de- 
termination of the freezing-point and the estimation of its products because, with 
this degree of dilution, the dissociation of all salts has reached a definite constant 

A X total quantity of urine x 10 

0.613 ~ 

Very concentrated urine must be diluted from fifteen to twenty times, and the mul- 

tiplication figure altered correspondingly. The figures 0.613 in the divisor indi- 
cate the lowering of the freezing-point in a 1 per cent. NaCl solution, 


(Zangemeister). The formula would then read 
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In normal urine the determination of the freezing-point is hardly 
more instructive than the specific gravity. The latter also depends 
upon the degree of concentration, and this fact and the quantity of 
urine may be very important factors in determining the total excretion 
of solid substances (Haser’s Coefficient). If, however, the urine con- 
tains albumin the position is altered. The specific gravity will be 
greatly affected by the large and heavy albumin molecules, but the 
freezing-point hardly at all—e.g., 2 per cent. of urea lowers the freezing- 
point of water by 0.616°, 2 per cent. of albumin by only 0.0037°. 
Hence cryoscopy is a better test than the specific gravity of the out- 
put of extractives (salts and organic products of metabolism) in urine 
containing albumin. But eryoscopy has also its dark side, and is a 
fruitful source of error. This is due to the dissociation which takes 
place in watery solutions of salts. The greater the dilution, the greater 
the dissociation of salts. The dissociated NaCl molecule acts, not 
as one, but as two units; the dissociated Na.SO, molecule not as one, 
but as three units, on the osmotic pressure (freezing-point). In dilute 
urine the freezing-point will be relatively lower than in concentrated 
urine, and though the amounts of solid substances may be absolutely 
equal (urea, NaCl and other salts, ete.), the product of the depression 
of the freezing-point multiplied by the quantity of urine (the important 
velency value) will be considerably higher ir dilute than in concen- 
trated urine. Although Koeppe has already psinted out the sources of 
error, practical eryoscopy has not taker them into consideration. They 
account for many apparent contradictions. Zangemeister has recently 
recommended that each specimen of urine should be diluted until the 
dissociation degree has reached a definite and approximately constant 
maximum before the ecryoscopic determination is made. For this, dilu- 
tion of from 10 to 15 times the volume of distilied water is sufficient. 

The following example shows the effect of this method: For undi- 
luted urine (1,216 c.c.) a valency value of 1,012 was found, and after 
dilution one of 1,189 was found. Zangemeister’s suggestion is well worth 
considering. At all events, he excludes the most important source of 
error in cryoscopic determinations, 

THE HEMORENAL INDEX.—The electrical conductivity of the urine in 
health and disease was first studied by Turner, who has given the name 
‘‘hemorenal index’’ to the relation of the concentration of total electro- 
lytes in the urine to that in the blood. Normally this relation is as 
2.08: 1, and the hemorenal index is, therefore, 2.08. According to Brom- 
berg, there is a disturbance in the excretion of electrolytes in renal 
disease which is apparent early in its course. A hemorenal index under 
2 is significant of early disease of the kidneys. He has suggested this 
method as a means of determining the functional sufficiency of the 
individual kidney by ureteral catheterization. 

In 1913, Bromberg reported that ureteral catheterization is super- 
fluous. When the hemorenal index is 2, the kidneys are either healthy, 
or only one of them is diseased. This faci can be determined by 
cystoscopy or chromocystoscopy. If the index is less than 2, bilateral 
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disease of the kidney exists. If the index is less than 1.5, whatever the 
condition is, it is inoperable (Barker). 
(1) Apparatus and Method in General (Fig. 41).—The method of 





Fig. 41—APPARATUS FOR THE DETERMINATION OF THE CONDUCTIVITY OF ELEC- 
TROLYTES (Di ELECTRIC CoNSTANT). (Kohlrausch-Ostwald.) 


Conductivity Vessel. Storage Battery. 
Constant Temperature Bath. Contact Key. 
Support for Conductivity Vessels. Slide Wire Bridge. 
Thermometer. Telephone. 
Induction Coil. Resistance Box. 
Condenser. 


Kohlrausch * depends upon the use of alternating currents, in connection 
with the Wheatstone bridge. 

The element, E (Fig. 42), is connected with the induction coil, J, the 
wires of which are fastened to the measuring bridge, B, by means of 


* Bibliography, The hemorenal index, Kohlrausch, 1879 (1), 1885 (9), 1893 (14); 
Ostwald, 1888 (6). 
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binding screws. The circuit of the bridge is made complete by means 
of a metallic wire, which passes through each of the binding screws and 
finally to the resistance solution, W, and the comparison resistance, R. 
To the binding screw between W and R is fastened a telephone wire, 
the other end of which leads to a movable metallic slide on the bridge. 

By closing the circuit the element is set in operation, and the slide 
ean be placed at such a position on the bridge that no current will 
pass through that part of the conductor in which the telephone is 
introduced. 

The interposed telephone furnishes a means of determining the proper 
adjustment, instead of the galvanometer or dynamometer, in that when 
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Fig. 42..—DIAGRAM OF APPARATUS FOR THE DETERMINATION OF CONDUCTIVITY OF 
ELECTROLYTES. 


the slide is at the proper position the telephone is either silent or pro- 
duces &@ minimum tone which is augmented by moving the slide in either 
direction on the scale of the bridge. 

From the position of the slide corresponding to the minimum tone, 
we deduce, by means of Kirchhoff’s laws,* the proportion W: R = a:b. 

W is the resistance of the liquid and the electrode vessel; R is the 
interposed comparison resistance; a and b represent the number of 
divisions on the scale of the bridge, to the left and right of the slide 
when properly adjusted. The unknown resistance of the liquid or 
the reciprocal value, the electric conductivity, may be calculated from 
the above proportion. 

(2) The Apparatus in Detatl.—The Element (Fig. 43)—A small 
Bunsen chromic-acid element is sufficient. For the preparation of 1 liter 


* Bibliography, The hemorenal index, Ostwald, 1885 (1); Kohlrausch, 
1895 (18). 
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of solution, 92 grams of pulverized potassium bichromate (or a corre- 
sponding quantity of the more soluble sodium salt) and 94 c.c. of con- 
centrated sulphuric acii are rubbed together to a uniform pasty liquid; 
900 c.c. of water are then carefully added, while stirring. 

The Induction Apparatus.—According to Ostwald, the smallest in- 
duction coil used for medical purposes is best adapted to this work. The 
rapidity of the vibration of the interrupter is increased still further 


I 





Fig. 43.—DIAGRAM OF CONSTANT TEMPERAIU.. wA1H 


by filing the little block of iron on the spring down to rather small 
dimensions (1 or 2 mm.). The minimum tone of the telephone is sharper 
if the sliding brass tube is removed from the apparatus. 

The sharpness of the telephone depends largely upon the nature of 
the induction apparatus used,* especially on the speed with which the 
current is alternated. If, therefore, the tone-minimum is not sharp, 
different induction coils should be tested, and the most suitable selected. 

The Measuring Bridge.—lInstead of the cylindrical bridge ** pro- 
posed by Kohlrausch, the bridge which is ordinarily employed may be 


* Bibliography, Kohlrausch, 1879 (3). 
** Bibliography, Kohlrausch, 1880 (8). 
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used. The simplest form* of the same (Fig. 44) is constructed as 
follows: 

A paper (or wooden) scale, graduated in millimeters, is fastened 
on to a dry board of 110-120 em. in length and 4-6 cm. in breadth. 
A metallic wire is stretched along the scale by means of the screws (A) 
on the ends of the board. Two brass plates are fastened by means 
of the screws (B) on the board, perpendicular to the scale, so that 
their inner edges pass exactly through the divisions 0 and 100 on the 
scale. The screws (B) serve also for fastening the wires from the 
induction apparatus and the resistances. 

The bridge wire, which is about 0.2 mm. in diameter, should be 
made of perfectly clean German silver, or of platinum containing 
iridium, The German silver wire, owing to its gradual oxidation in the 
chemical laboratory, gives rise to irregular sounds in the telephone; 
the wire should therefore be renewed from time to time. 





Fig. 44.—THE MEASURING BRIDGE. 


For all exact measurements the uniformity of the wire should be 
tested and the wire calibrated before use. This may be done by the 
method of Strouhal and Barus. 

The slide S of the measuring bridge, in its simpler form, consists of 
a rectangular, bent-down, metal frame with a small binding screw (C), 
with which the telephone is connected. It is adjusted to the bridge so 
that it may be easily moved. In the middle of the frame and in contact 
with the bridge wire, is a flexible German silver needle, the flattened 
point of which is so constructed that it 1s always in perfect contact 
with the wire. The sensitiveness of the telephone depends on the kind 
of contact.** 

The Telephone.—Care should be exercised in the choice of the tele- 
phone. The Bell Telephone is well adapted to this work. Ostwald 
recommends the telephone of Ericsson, in Stockholm, as being very 
sensitive. 

The sounds proceeding from the induction apparatus are annoying 
at first to the unpracticed. A small bulb of some wadding placed in 


* Bibliography, Ostwald, 1888 (7); Wiedemann and Ebert, 1890. 
** Bibliography, Elsas, 1891 (1). 
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the ear will remove this inconvenience. One learns very quickly, how- 
ever, without this, to distinguish between the two sounds. 

The Comparison Resistance.—Three resistances of 10, 100, and 1,000 
units (Ohm or Siemens) are sufficient. More appropriate, however, and 
far more convenient is the use of a complete resistance-box, the greatest 
resistance of which amounts to 2,000 Siemens-units. By using greater 
resistances, one obtains better results; it is better to work with different 
electrode distances. The best results are usually obtained with resist- 
ances of from 100-1,000 units. 

The resistances should be wound * bifilarly, and should be compared, 





Fig. 45.—ELEcCTRODE VESSEL FoR LIQUIDS or High CONDUCTIVITY. 


at least twice a year, with a standard resistance; at all events, one should 
satisfy one’s self by testing the apparatus, from time to time, with solu- 
tions of known resistances. 

As the resistance varies with the temperature, it is necessary, for 
accurate determinations, to make correction for this variation. 

The Electrode Vessels —Three different vessels are used for this pur- 
pose, according to the nature of the liquid to be investigated.** 

(a) For Liquids of Rather High Conductivity (Concentrated aqueous 
solutions of salts, mineral acids and bases).—For such solutions, use may 
be made of the vessels employed by Kohlrausch ¢ (Fig. 45). 


. ar ‘ag winding by Chaperon. See Bibliography, Elsas, 1891 (2), Kohl- 
ns See also Kohlrauseh, Wied. Ann., 1894, li, 346, for special forms of electrodes 
| vessels.—Tr, 

t Bibliography, Kohlrausch, 1879 (2). 
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Two cylindrica] beakers, which are reduced in size at the lower end, 
are joined together by means of a tube of about 9 mm. in diameter. The 
vessel contains from 12 to 25 c.c. of liquid. The electrodes consist of 
platinum, and are soldered to a copper wire which is introduced through 
a cover of hard rubber. 

(b) For Liquids of Moderate Conductivity (Dilute aqueous solutions 
of salts, mineral acids and bases, about 1/32 to 1/1024 normal; also 
concentrated solutions of many organic acids and bases).—The re- 
sistance vessel best adapted to such solutions is that proposed by Ar- 
rhenius (Fig. 46). 








Fig. 46.—ELEcTRODE VESSEL FOR LIQUIDS oF MODERATE CONDUCTIVITY. 


Two circular plates of heavy sheet-platinum from 3 to 4 cm. in 
diameter are soldered, by means of silver solder and borax, to heavy 
copper wires; the distance between the plates should be about 1.5 em. 
The wires are enclosed in narrow glass tubes which are carefully filled 
with thick liquid asphaltum. The joint between the platinum and the 
glass should be well covered with the asphalt glue. The wires are in- 
troduced through a cover of hard rubber which is fastened by means 
of a groove to the glass cylindrical vessel. It is advantageous to have 
two such vessels with the electrodes 1 and 2 cm. apart. 

(c) For Liquids of Low Conductivity (Most dilute solutions of the 
organic acids and bases, especially aqueous solutions of neutral organic 
compounds, as well as homogeneous organic liquids and their mixtures). 
—For such liquids use is made of very narrow electrodes with greater 
surfaces ; the apparatus of Pfeiffer * is well adapted to this work. 


* See Bibliography, Pfeiffer, 1885. 
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Two glass tubes, R and R’, of 3 and 3.6 em. in their outer diameters, 
are covered to a length of 13 em. with platinum foil, P’ and P, the 
smaller tube being covered on the outside and the larger tube on the 
inside. The platinum-foil must form complete immovable cylinders. 
The larger platinum cylinder (soldered at the seam by means of silver) 
is inserted in the wider tube. The smaller glass tube, after being 
fused together at the top, is then placed into the larger, so that the 
two platinum surfaces form concentric cylinders. These cylinders are 





Fig. 47.—ELECTRODE VESSEL FoR LiIquIDS or Low COoNDUOTIVITY. 


fastened to the outer glass surface by means of platinum wires. On 
account of the large area, the surface of the platinum need not be cov- 
ered with platinum-black. 

The two glass tubes are then melted together all around their edges 
at the bottom, as shown in Fig. 47; and at the opposite end the outer 
tube is drawn out into a narrow neck, in which can be placed a glass 
stopper, G, which, in turn, is covered by the glass covering, H. D and D’ 
are the two electrodes leading to the platinum wires fused into B and B’. 
The whole vessel (30 em. high) is supported by means of the glass tubes 
fused in at the bottom, which are fastened to the strong brass feet, F, F’. 
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If a resistance vessel is to be used, it is best to restrict one’s self 
to the form proposed by Arrhenius, which, by the application of larger 
resistances, is sufficient for the majority of liquids. 

The electrodes must always have a sufficiently large surface. A sur- 
face which is too small is accompanied by too great a current density, 
which frequently produces the phenomenon of polarization; the sharp- 
ness of the minimum tone depends largely upon the frequency of the 
replatinizing of the surface.* 

For this purpose the electrodes are immersed in a dilute solution 
of platinum chlorid acidulated with hydrochloric acid, and the current 
of a single cell is conducted through, the direction of the current al- 
ternating frequently between the electrodes; or a small piece of zinc is 
brought in contact with the platinum surface until the plates are 
covered with a coating of black, spongy platinum. 

According to Grotrian,** the well-platinized electrodes should be sat- 
urated with hydrogen by immersing them as cathodes in dilute sulphuric 
acid. It is especially necessary that the electrodes be well platinized. 

The Thermostat.—On account of the great influence of temperature 
on conductivity, accurate measurement of temperature is important. 

Although Kohlrausch ¢ has observed an influence of liquid baths on 
the minimum tone, and therefore made his determinations in air at the 
temperature of the room, yet the following, essentially the arrangement 
proposed by Ostwald, is to be preferred for convenience. 

The electrode vessel is supported in the iron water-bath of 10 to 20 
liter capacity by means of a half-circular wooden cover. 

A temperature regulator constructed in the ordinary manner is 
fastened to this water-bath as shown in Fig. 41. 

The regulator consists of a U-tube in which is fastened, by means 
of a rubber stopper, a cylindrical tube (Fig. 48, A). This tube is filled 
with oil or a concentrated solution of calcium chlorid, and then con- 
nected with the U-tube. A sufficient quantity of mercury is then con- 
ducted in through the funnel, after which, by suitably inclining the 
U-tube, the air in the part between the mercury and the funnel is com- 
pletely replaced bv oil or calcium-chlorid solution. The inflow and 
outflow of gas is indicated by the direction of the arrows. 

To increase the sensibility, the inner portion of the gas-inlet tube 
is cut off at right angles. A very small side-opening in the same pre- 
vents the putting-out of the flame. By conducting in or removing liquid 
by means of the funnel, the position of the top of the mereury column 
near the gas-inlet tube can be so regulated that widely varying tempera- 
tures may be obtained. 

As a motor, the windmill of Ostwald § may be used. It is advan- 

* Bibliography, Kohlrausch, 1873 (20 and 21). 

** See Bibliography, Wershofen. 


t For most electrolytes, a change of one degree Celsius changes the conductivity 
about 2 per cent. 

t Bibliography, Kohlrausch, 1885 (12). Kohblrausch also observed that the tele- 
phone, if too near the apparatus, was influenced by the induction coil. See also 
Kohlrausch, 1893 (16). 

§ See Bibliography, Ostwald, 188 (8). 
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tageous in tnis case to have the fans made of thin aluminum plates. 

The use, however, of Raabe’s turbine seems, in general, to be more 
appropriate. The everywhere purchasable turbine, after thorough oiling 
of the parts of the apparatus, is connected by means of a cork to a double 
wheel, which turns on a brass axis. From here the motion is transferred 
to a smaller wheel, or directly to the stirrer, which consists of a glass 
rod fastened to the wheel and provided at the lower end with a glass 
or wooden paddle; the glass rod rotates in a wider, well-oiled glass 
tube. By employing this thermostat, it is possible to maintain the 
temperature constant to 0.05° C. For temperatures of 50° C. and over, 





Fig. 48.—THE REGULATOR. 


the water is covered with a layer of paraffin; for temperatures above 
80° C. an altered thermostat is used as described by Bersch.* 

The Contact.—The connection of the different parts of the apparatus 
is made by means of strong copper wires, which are as short as possible 
and fastened to suitable metallic clamps. A perfect contact is, above 
all, very important. The places of contact of the wires and the binding 
screws are carefully cleaned from time to time with a file and sand- 
paper; the binding screws should be well tightened, the stopper placed 
firmly in the rheostat, and the needle of the slide brought in good con- 
tact with the wire of the bridge. The contact with the electrode wires 
is made by means of small cups of mercury, which, like the electrode 
vessel, are placed in the opening of the wooden cover of the thermostat. 
The copper wire of the electrodes should be carefully cleaned, mois- 
tened with hydrochloric acid and immersed in the mercury. 


* See Bibliography. 
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(3) Method of Operation.—As soon as the liquid takes on the tem- 
perature of the thermostat, the element is set in operation and the 
slide given such a position that the telephone is either silent or pro- 
duces a minimum tone, the intensity of which increases with the least 
movement of the slide in either direction. In general, the adjustment 
is made so sharply that the two points on the scale at which an in- 
crease of tone may be distinctly recognized are not more than 2 mm. 
apart. Midway between these two points is the correct position, which, 
after some practice, can easily be determined accurately to from 0.2 
to 0.8 mm. The resistances are so inserted that the slide, when ad- 
justed, will lie near the middle of the measuring bridge; an error of 
0.3 mm. in the adjustment here will produce an error of about 0.1 
per cent. in the value of the conductivity. 

Each determination should be repeated by inserting different re- 
sistances, and the mean value taken as the basis of the calculation. 

An indistinctness in the minimum tone may, as already suggested, 
be due to very different causes. The difficulty is easily removed by 
replatinizing the electrodes ; sometimes an increase in the electrode sur- 
face is necessary, varying according to the concentration and nature 
of the solution, as well as the amount of resistance inserted ; frequently, 
also, a more rapid alternation of the current is necessary, and in many 
cases the cause lies in the amount of resistance. A resistance of from 
100 to 1,000 mercury units gives, in general, the best results. 

After a little practice, 10 to 12 solutions may easily be investigated 
in half an hour. 

(4) Calculation.—The measurements for chemical purposes are lim- 
ited almost wholly, in recent times, to the determination of the molecular 
conductivity represented by the constant p* (or 4, according to Kohl- 
rausch ). 

It is calculated from the formula: 


vb 


or, for aqueous solutions, taking into account the conductivity of the 
water employed, according to the formula: 


b b ) 
= vy ( —— —-- 


ar ae Ty 


where u represents the molecular conductivity at the dilution v; 
v, the volume in liters, which contains 1 gram equivalent ft of the elec- 
trolyte; a and b, the lengths of the wire to the left and right of the slide; 
aw and by, the corresponding lengths of water; r and ry, the re- 


* For the meaning of this constant, see, in Bibliography, Ostwald, 1893 (2) and 
Kohlrausch, 1879 (6), 1885 (10). 

** The formula follows directly from the proportion above. The correction for 
the conductivity of water is somewhat uncertain; for solutions of luw conductivity 
the value of pv is doubtful. 

t It is better to refer the conductivity to a gram-molecule of the substance, as 
it a separate acids, bases, salts, ete., from indifferent substances. 
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sistances in mercury units of the solution and the water; y, the re- 
sistance capacity of the measuring vessel. 

In order to determine the resistance capacity of the vessel, i.e., the 
resistance which a liquid with unit conductivity would show in the 
vessel, a liquid is used whose conductivity is accurately known. A 1/50 
normal calcium-chlorid solution which has kept for a long time un- 
changed has, according to Kohlrausch, a molecular conductivity at 18° C. 
of 112.2, and at 25° = 129.7. This value in the above formula will 
give the value of the constant y. For liquids of low conductivity and 
narrow electrodes, it is better to take a more accurately investigated 
solution of low conductivity—e.g., a solution of tartaric acid. 

The molecular conductivity wu at 25° is, according to Ostwald: * 


v 16 32 64 128 256 912 =1024 2048 
uw 11.40 16.03 22.47 31.28 4350 59.51 81.64 109.50 


The reduction of the specific conductivity, k, to terms of uv follows 
from the relation 1 = 10" k v, where u and v have the meaning given 
above.** 


The ratio——is given for a wire 1 m. long in the table of Obach. 

If the resistance of the wire is not uniform, the wire must be eali- 
brated, and a corresponding correction applied to the above value. 

The resistance, r, also requires a small correction. For most ordi- 
nary German-silver wires, an increase of 1° C. in temperature increases 
the resistance on an average of 0.0004 parts of the whole value. The 
necessary reduction to mercury units at 0° C. is easily made. 

If one wishes (which is not always permissible) to establish the 
value, 1% —i.e., the conductivity at infinite dilution—it is determined 
indirectly, inasmuch as it does not result from direct observation.t For 
the calculation of the Ostwald constant ¢: 

m* 
ee (le—-m) v te 

The value of p is usually determined at the temperature 25° (the 
measurements of Kohlrausch were referred to 18° C.). On the tem- 
perature influence or the calculation of the temperature coefficient, see 
Bibliography, Kohlrausch, 1879 (4) and 1885 (13). If the determina- 
tions are made at higher temperatures, the error due to the dissolving 
of the glass must be taken into account. It is therefore advantageous 
to boil water in the electrode vessel several times before use.§ 

For the calculation of the velocity of ions and the transport numbers 
from the conductivity, see Bibliography, Kohlrausch, 1879 (7), 1885 
(11); Lob and Nernst, 1888; Kistiakowsky, 1890; Bein, 1892. 

* Bibliography, Ostwald, 1889 (10). 

** Bibliography, Ostwald, 1886 (3). 

+ See Bibliography, Ostwald, 1888 (9). 


t See Bibliography, Ostwald, 1888 (5). 
§ Bibliography, Arrhenius, Krannhals and Sack. 
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3. Renal Function as Determined by Excretion of Ingested Sub- 
stances.—Lactosre Trest.—Schlayer and Takayasu, in 1911, found that 
delayed excretion of lactose indicated disease of the renal blood-vessels 
—glomerulonephritis. It had been demonstrated by Voit, in 1897, that 
normal kidneys excreted lactose, ingested subcutaneously, quite 
promptly, and De Bonis, in 1907, had shown that this was accomplished 
exclusively by the renal glomeruli. 

The technic of the test is as follows: 

Twenty-five grams of lactose (absolutely pure, and free from molds) 
are dissolved in 25 ¢.c. of distilled water, and pasteurized at 75°-80° C. 
for four or five hours on each of three successive days. Twenty c.c. of 
this solution are injected intravenously, aseptically. The urine is col- 
lected hourly and tested by Nylander’s solution until the reaction ceases 
to be positive. Mishaps have occasionally occurred, such as chill and 
fever, but with a pure lactose these can be avoided. 

Wechselmann has applied this test in the last two and a half years 
in many thousands of cases, and since he has been using an absolutely 
pure article he has had no mishaps or by-effects with it. His experience 
has confirmed its value as an index of the functioning of the glomerular 
apparatus. The elimination of salvarsan depends to such an extent upon 
the integrity of this apparatus that tests of its functional capacity 
are of fundamental importance before giving salvarsan. Wechselmann 
finds that the value of the lactose test has been universally recognized, 
and adds that recent research by Schwarz and Pulay on it has opened 
new prospects for it. The by-effects which have deterred a number 
from continuing to use it have been traced to contamination of the lactose 
with molds. 

Rowntree and Fitz have demonstrated that not only the glomerulus 
but also the kidney tubule takes part in the lactose excretion, and they 
think that lactose excretion is quite a satisfactory index of the vascular 
function of the kidney. 

BismuTH Repuction Test (Nylander).—To 5 c.c. of sugar solution 
in a test-tube add 1/10 its volume of Nylander’s reagent and heat for 
five minutes in a boiling water-bath. The solution will darken if reduc- 
ing sugar is present, and upon its standing for a few moments a black 
color will appear. 

This color is due to the precipitation of bismuth. If the test is 
made on urine containing albumin this must be removed, by boiling and 
filtering, before applying the test, since with albumin a similar change 
of color is produced. Glucose, when present to the extent of 0.08 per 
cent., may be easily detected by this reaction. (Rabe claims that 0.01 
per cent. sugar may be so detected.) Urie acid and creatinin, which 
interfere with the Fehling test, do not interfere with the Nylander 
test. It is claimed by Bechold that the bismuth reduction tests give 
a negative reaction with solutions containing sugar when mercuric 
ehlorid or chloroform is present. Other observers have failed to verify 
the inhibitory action of mercuric chlorid and have shown that the in- 
hibitory influence of chloroform may be overcome by raising the tem- 
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perature of the urine to the boiling-point for a period of five minutes 
previous to making the tests. Urines rich in indican, urochrome, uro- 
erythrin or hematoporphyrin, as well as urine excreted after the in- 
gestion of large amounts of certain medicinal substances, may give a 
darkening of Nylander’s reagent similar to that of a true sugar re- 
action. 

Nylander’s reagent is prepared by digesting 2 grams of bismuth 
subnitrate and 4 grams of Rochelle salt in 100 c.c. of a 10 per cent. 
potassium-hydroxid solution. The reagent is then cooled and filtered. 

PorassiuM-lIopip TEest.—In 1867, Duckworth suggested this test as 
an estimation of the renal function. Schlayer and Takayasu have sug- 
gested this as a quantitative test. The patient receives 0.5 gram of 
potassium iodid, in solution, by mouth, and the urine is tested every 
two hours for iodin. Jodid is rapidly excreted, since 65-80 per cent. 
of the amount ingested is eliminated in 24 hours. According to Antem, 
it takes 40 hours for the complete excretion of 0.5 gram KI, whereas 
others found that it requires 2 days for the elimination of this quantity 
(Monakow). 

According to Schlayer and Takayasu, the iodid is excreted by the 
tubular epithelium. This has, however, not been confirmed. 

Rowntree and Fitz found this test of doubtful value. 

Wovschin obtained the results given in Table 16 after administration 
of potassium iodid by mouth and rectum. He found that the latter 
means of administration may be made use of in comatose patients. 

Potassium IopIp IN THE URINE.—Qualttative Determination.—To the 
urine in a test-tube add a little chloroform, a few drops of sodium 
nitrite solution, and a few drops of dilute sulphuric acid. Shake well, 
and the free iodin will be dissolved in the chloroform. In the pres- 
ence of starch solution, a blue color will be formed, if the urine is treated 
as above. 

The technic employed for the quantitative analysis is the following: 
N/50 solution of sodium thiosulphate (Na.S.0;) is prepared and care- 
fully standardized against a definite quantity of potassium iodid. The 
standardization is performed as follows: 

An exact 10 per cent. solution of potassium iodid is used. One c.c. 
of this 10 per cent. solution is diluted up to 100 ec. with distilled 
water and introduced into a separating funnel. To this is added 5 c.c. 
of a mixture composed of strong nitric acid plus 5 per cent. of nitrous 
acid, and well shaken. This is allowed to stand 5 minutes and then 
10 e.c. of chloroform are added. This should be well agitated to wash 
out the liberated iodin. This is allowed to stand for 5 or 10 minutes 
and the purple colored chloroform drained off from the bottom of the 
separating funnel into a beaker. The iodin extraction is continued and 
repeated with several fresh, small portions of chloroform and all of 
the chloroform used for the washing is collected in the same beaker. 
The washing should be continued until the returning chloroform is color- 
less. 

Next the chloroform-iodin contents should be carefully titrated with 
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TABLE 16.—RESULTS OF DETERMINATION OF POTASSIUM-IODID ELIMINATION 
IN URINE. (Wovschin.) 






1 Gm. of Potassium Iodid Given by 





Clinical Diagnosis 
Blood- Mouth Rectum 
Pressure (Day) (Day) 




















































Mm. Hg. Ist 2nd 8rd Ist 2nd 3rd 

Cardionephritis ....... {5 200) “oe 0.25 0.01 a4 0.32 0.1 
Influenza .........0-055 - on 0.51 0.1 Trace 0.8 0.05 
Emphysema ........... > ay 0.4 ade a 0.6 0.06 Trace 
Bronchial asthma ..... S. 120 0.82 0.01 ah 0.52 0.08 Trace 
Rheumatic endocarditis .|¢8. 136 0.5 0.15 _ 0.65 0,02 
Carcinoma of intestines. e ; = Not given | Not given] .. 0.75 0.15 
Typhoid abscess of lung. i rie 0.29 0.01 ak 0.45 0.1 
Peliosis rheumatica F s 120 0.75 Gestud Ss Not given Not given | 
Nephritis ............. S. 180 0.3 0.03 ate 0.28 0.08 
Nephritis ..........05. S143 0.2 ee e 0.32 0.06 ; 
Nephritis .........005. 5. 168 0.89 0.01 = 0.45 0.06 Trace 
Nephritis ............. of 155 0.18 0.04 .. |Not retained | Not retained 
Uremia ............005 S28 0.1 ee “ 0.24 0.1 
Uremia ...........000, S ise 0.2 sans = 0.35 0.06 
Nephritia ...0......0.. 5. 180 0.09 oe se 0.28 Trace 
Acute nephritis ........ rh 130 0.86 0.15 .. |Not retained | Not retained 
Arteriosclerosis ........ 8 145 0.35 0.02 e 0.45 0.06 
Rheumatic endocarditis . . aa 0.65 0.09 .. |Not retained | Not retained 
Pneumonia ............ S. 180 0.5 Paar ns Not given Not given 
Pneumonia ............ 8. 140 0.82 roe te Not given Not given 
Pneumonia ............ . 135 0.3 ee i Not given Not given 
Pneumonia ............ mh 130 0.42 Shcniss Not given Not given 
Influenza ............. ae 0.52 0.04 - 0.48 0.09 

0.5 0.2 eA 0.42 0.08 Truce 


Auricular fibrillation ... 


wees eve 





the fiftieth normal sodium-thiosulphate solution until the purple chloro- 
form becomes completely colorless. Having thus determined the amount 
of sodium-thiosulphate solution necessary to decolorize the iodin of 
1 decigram of potassium iodid, its equivalent for 1 ¢.c. of N/50 Na,S.0;' 
is calculated, using the obtained figure as the standard. 

Hippuric Acip Test.—It is stated by Jaarsveld and Stocvis, Stocvis 
and von der Velde ‘that in cases of pareuchymatous nephritis the syn- 
thesis of benzoic acid and glycocoll in the kidneys is only imperfectly 
accomplished, and that only a small proportion of ingested benzoic 
acid is found as hippuric acid in the urine of these patients, Von 
Schroeder and Schmiedeberg do not consider these theories as estab- 
lished, since Stoevis used a method which was not reliable. 
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On the other hand, Kronecker observed defective formation of hip- 
puric acid in nephritis; but, unlike Stocvis, he found it more defective 
in cases of interstitial than in parenchymatous nephritis. Recent ex- 
periments with better methods, and where the nature of the diet was 
very carefully considered, are not favorable to Stocvis’s views, but go 
to show that spontaneous excretion of hippuric acid is not more diffi- 
cult than that of any other substance. The addition of benzoic acid 
to the diet yielded varying results, as in the case of healthy persons. 
The question has lost much of its interest since it has been recognized 
as probable that other organs besides the kidneys are able to synthesize 
hippuric acid. This is not the case with carnivora. At the same time, 
the matter deserves further inquiry. It is now evident that glycocoll 
may be considered as a normal constituent of the urine (whether free 
or combined is not yet fully determined). This fact was not known 
to earlier investigators. 

PHLORIZIN TEST.—Achard and Delamare suggested this glucosid in- 
jection as a test for rena! function. It is known from the work of von 
Mering that the injection of phlorizin into animals induces a marked 
glycosuria without a hyperglycemia, and it has been proven that the 
effect of the glucosid is on the epithelial cells of the kidney. 

An aqueous solution of 0.005 gram of phlorizin is injected subcu- 
taneously. The urine is collected at frequent intervals and analyzed 
for glucose. Normally the maximum elimination takes place in an hour. 

Krotoszyner and Stevens especially investigated this test with the re- 
sults shown in Table 17. 

Casper and Richter described the application of this test in the form 
of hypodermic or intramuscular administration of the drug in con- 
junction with ureteral catheterization. In this way (to quote them) 
they were able to study the action of the drug separately on each kid- 
ney, and to utilize the test as a comparative index of functional renal 
capacity in unilateral kidney lesions. According to their statement, the 
phlorizin test measures the quantity of functionating renal parenchyma 
and, by these means, that of renal capacity, the percentage of excreted 
sugar corresponding to the amount of functionating parenchyma of the 
kidney. When these statements failed to be entirely corroborated by per- 
sonal observations of various authors, and particularly after Israel’s 
demonstration of kidneys that had been found barren of phlorizin glyco- 
suria, though possessing functionating parenchyma, Casper and Richter 
modified their views, stating that absence of phlorizin glycosuria showed 
an advanced degree of renal incapacity, while its quantity was directly 
proportional to that of the functionating parenchyma of the kidney. 

The test was soon recognized as one of our most important means 
for estimating relative kidney function. Israel, who always maintained 
a skeptical attitude toward the real value of functional kidney tests, 
designated the test as a welcome addition to our diagnostic armamen- 
tarium, and Albarran concedes to the method real usefulness. Barth 
considers the test particularly important for the diagnosis of difficult 
eases, and Kapsammer claims for the phlorizin test first rank among 
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renal functional methods. Greene and Brooks designate the test the 
most practical of functional methods, a view from which they have not 
departed in the latest edition of their textbook. Krotoszyner and 
Stevens’ results with the test were most gratifying, and careful compari- 
son with the results from other functional tests, especially those from 
phenolsulphonephthalein, elicited this statement: The phlorizin, phenol- 
sulphonephthalein and urea tests show in normal cases almost identical 
values for both kidneys, and exhibit in pathologic cases a striking paral- 
lelism of diminished functional values. These authors modified the 
test by injecting the drug intravenously. By means of this test they 
were able to study the total functional renal capacity, as well as the 
capacity of the individual kidneys. Their procedure is as follows: 

The bladder test for determination of total renal permeability by 
means of intravenous phlorizin injection is performed in the following 
manner: The bladder is emptied by introduction of a catheter which 
is left 7m situ, and 1 eg. of phlorizin is injected into one of the arm 
veins. Testing for sugar is begun at once by letting a few drops of 
urine flow into test-tubes containing a few cubic centimeters of heated 
Fehling solution, until typical sugar reaction occurs. 

In cases with normal renal permeability sugar appeared in about 
seven minutes and in cases with pathologic or reduced renal capacity 
in not less than fifteen minutes. In both types of cases, sugar excre- 
tion was at its acme during the first fifteen-minute period, was markedly 
reduced during the second, and was very low or had disappeared during 
the third period. 

As a test for comparative renal function, the intravenous phlorizin 
test gives more accurate, and thus more reliable, results, while its technic 
is simple and less time-consuming than that of the phenolsulphone- 
phthalein test, according to the results of Krotoszyner and Stevens. 

Urotropin Test.—Falk and Sugiura recommended the following 
test for kidney sufficiency. One gram of hexamethylenetetramin (uro- 
tropin), dissolved in a glass of water, was administered about fifteen 
minutes before the evening meal, which included fluid to the amount 
of 500 c.c. or more. All the urine voided thereafter, including the 
morning specimen, was collected and tested for urotropin. The admin- 
istration of a purgative at the same time as the hexamethylenetetramin 
would naturally invalidate the results. If a negative result is obtained 
with the iodin test (see below), and if formaldehyd is absent, the pres- 
sure of traces of hexamethylenetetramin may be detected by treating 
1 to 2 ce. of urine with 1 drop of concentrated sulphuric acid, warm- 
ing the solution for a few minutes, and testing for formaldehyd with 
the phloroglucin reagent. Falk and Sugiura tested the urines in every 
ease for free formaldehyd with this reagent. In only very few were 
marked red colors obtained. These indicate formaldehyd concentrations 
of 1 in 10,000 to 1 in 5,000 for the deepest red obtained. If the for- 
maldehyd was libetated from the urotropin after the passage of the 
latter through the kidneys, it would be necessary to correct the quantity 


KIDNEY FUNCTION TESTS 297 


TABLE 18.—UROTEOPIN TEST. (Falk and Sugiura.) 





























Brine, | urotropin Meperenet 
Phthalein} Nom | pio 
Duasras | Test | PRAT | acid | Varia: | VGeine 
p. Gr. | Per Cent. tion of 
Albumin | Casts of Re- Sp. Gr. Vol. 
Urine | covered . of Night 
Urine 
—_ Per Cent. Teo: oe. nae a 

Normal .....-.-- 0 0 1.014 49 80 28.0 2.2 18 6.7 

Normal ... a 0 “He | ee 31 70 28.6 2.4 “46 6.0 
Nephritis .....- + ara 8 0 39 40.1 5.0 13 0.54 
Nephritis ...... Bi sr a canes 10 0 57 48.9 4.3 4 1.08 
Nephritis ...... + oe 15 0 20 68.0 5.5 3 0.65 
Nephritis ...... ++++ Pac 15 0 34 37.0 4.4 12 0.68 
Nephritis ...... _ = | 18 0 31 40.0 5.6 8 0.49 
Nephritis ...... +++4+] ++ 10 0 —_— 85.0 6.1 8 1.05 
Nephritis ...... ++++] ++ 9 0 — 72.0 4.8 8 1.29 
Nephritis ...... + res ao 0 30 84.7 4.3 7 1.07 
Nephritis ...... + ye ap | 0 25 40.5 6.0 2 a 0.61 
Nephritis ...... +++ ee Ss 0 — 58.0 6.7 3 0.92 
Nephritis ...... ++ a ae 0 25 67.0 ee 3 1.05 
Nephritis ...... sae Pate 13 0 41 34.7 4.9 4 1.88 
Nephritis & Gout + | ees ag 0 10 42.6 6.8 3 0.80 

Gout .....+0... 0 oa a 36 Oe 34.0 6.2 9 8.7 

Gout cocwceree, 0 ie —_ 64 45 33.0 4.4 a | 6.6 
Gout .cccseses. + aie a 49 00 34.0 4.7 a 1.21 

Cirrhosis of liver} — as 6 0 88 21.0 1.0 oe 1.0 
Cirrhosis of liver} — re, 18 0 79 25.6 1.1 99 2 0.71 





of urotropin eliminated by a corresponding amount of formaldehyd, but 
it may have decomposed before passing through the kidneys, and the 
formaldehyd have been eliminated as such. 

Falk and Sugiura contrasted the urotropin test with the phenol- 
sulphonephthalein test, the non-protein nitrogen of the blood, the uric 
acid of the blood, and the Mosenthal-Schlayer test-meals. From the 
accompanying table (taken from Falk and Suguira) one may judge of 
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the value of this test. Normally from 30 to 50 per cent. of the urotropin 
is eliminated in the urine. In cases of nephritis none is excreted. 

Quantitative Test for Urotropin.—To 50 c.c. of the albuminous urine, 
10 to 15 ¢c.c. of alumina cream are added, and stirred slowly. After the 
protein and alumina have settled, the mixture is filtered through a 
folded paper, the precipitate on the paper being allowed to drain thor- 
oughly. A known excess of iodin solution (iodin 3.6 grams, 95 per cent. 
ethy! alcohol, 100 ¢.c.) is then added from a buret, and stirred constantly. 
The amount needed may be judged by the formation of the precipitate 
as the iodin solution is added; or the mixture is filtered and treated 
with more iodin solution; or an approximate determination is made first 
and then a more accurate one with a new solution. After all the iodin 
has been added (as a rule 5 to 8 e.c. are required), the mixture is 
allowed to stand about 10 minutes, with occasional stirring and filtering 
with suction through a Gooch crucible containing an asbestos mat. 
Refiltration through the same mat is advisable. The precipitate is washed 
oS to 10 times with cold water. The precipitate and crucible may be 
dried in a vacuum desiccator over calcium chlorid to constant weight. 
Better than weighing the precipitate is the titration of the iodin 
present with M/25 sodium-thiosulphate solution. For this purpose, the 
precipitate and crucible are transferred to a beaker, and 50 cc. of 
water and 3 c.c. of glacial acetic acid added. Starch is used as an 
indicator. 

TESTS FOR FoRMALDEHYD.—(a) Phloroglucin Method.—Prepare the 
reagent by dissolving 1 gram phloroglucinol and 20 grams sodium 
hydroxid in sufficient water to make 100 ¢.c. To 10 cc. of urine in a 
test-tube, add with a pipet 2 c.c. of this reagent, placing the end of the 
pipet on the bottom of the tube in such a manner that the reagent will 
form a separate layer. A bright red coloration (not purple) is formed 
at the zone of contact if formaldehyd is present. 

(b) Phenylhydrazin-sodium-nitroprussid Test.—This test consists of 
adding to the suspected fluid, 3 drops of a 5 per cent. aqueous solution 
of phenylhydrazin-hydrochlorid and then 3 drops of a 5 per cent aqueous 
solution of sodium nitroprussid. An excess of a saturated aqueous 
solution of sodium hydroxid is added. It is important that the solutions 
to be tested, as well as the sodium hydroxid, should be slightly warmed 
to a little more than the body temperature. When formaldehyd is 
present in solution of 1 to 20,000 or stronger, there follows an intense 
blue color which gradually changes to green and then after a few 
minutes to brown. In solutions of less than 1 to 20,000 the first color is 
the intense green. 

CREATININ IN THE UriNgE.—According to Neubauer the creatinin 
elimination is a good test of renal function. The urine is examined for 
ereatinin in six-hourly periods on 3 successive days. The .first day is 
ealled the ‘‘fore-period.’’ The second day the patient receives 1.5 grams 
creatinin with his diet. The third day is called the ‘‘after-period.’’ 
The creatinin in the urine is determined by Folin’s method. 
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Folin’s Colorimetric Method (Hawk).—Principle.—This method is 
based on the characteristic property possessed by creatinin, of yielding 
a certain definite color-reaction in the presence of picric acid in alkaline 
solution. 

Procedure.—Place 10 ¢.c. of urine in a 500 c.°. volumetric flask; add 
15 ec. of a saturated solution of picric acid and 5 ¢.c. of a 10 per cent. 
solution of sodium hydroxid; shake thoroughly and allow the mixture 
to stand for 5 minutes. During this interval pour a little N/2 potassium 
bichromate solution into each of the two cylinders of the colorimeter 
(Duboseq) and carefully adjust the depth of the solution in one of the 
cylinders to the 8 mm. mark. A few preliminary colorimetric readings 
may now be made with the solution in the other cylinder, in order to 
insure greater accuracy in the subsequent examination of the solution 
of unknown strength. Obviously the two solutions of potassium 
bichromate are identical in color and in their examination no two 
readings should differ more than 0.1-0.2 mm. from the true value (8 
mm.). Four or more readings should be made in each case and an 
average taken of all of them, exclusive of the first reading, which is 
apt to be less accurate than the succeeding readings. In time, as one 
becomes proficient in the technic, it is perfectly safe to take the average 
of the first two readings. 

At the end of the five-minute interval already mentioned, the contents 
of the 500 ¢e.c. flask are diluted to the 500 c.c. mark, the bichromate 
solution is thoroughly rinsed out of one of the cylinders and replaced 
with the solution thus prepared and a number of colorimetric readings 
are immediately made. 

Ordinarily 10 ¢.c. of urine is used in the determination by this 
method, but if the content of creatinin is above 15 mg. or below 5 mg. 
the determination should be repeated with a volume of urine selected 
according to the content of creatinin. This variation in the volume of 
urine, according to the content of creatinin, is quite essential, since the 
method loses in accuracy when more than 15 mg. or less than 5 mg. of 
creatinin 1s present in the solution of unknown strength. 

Calculation —By experiment it has been determined that 10 mg. of 
pure creatinin, when brought into solution and diluted to 500 c.c., as 
explained in the above method, yields a mixture, 8.1 mm. of which 
possesses the same colorimetric value as 8 mm. of a N/2 solution of 
potassium bichromate. Bearing this in mind, the computation 1s readily 
made by means of the following proportion in which y represents the 
number of millimeters of the solution of unknown strength equivalent to 
the 8 mm. of the potassium bichromate solution: 


y:8.1::10:x (mg. of creatinin in the quantity of urine used). 


This proportion may be used for the calculation, no matter what 
volume of urine (5, 10 or 15 ¢.c.) is used in the determination. The 
10 represents 10 mg. of creatinin which gives a color equal to 8.1 mm., 
whether dissolved in 5, 10 or 15 c.c. of fluid. 
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Barker writes: ‘‘Normally, examined in six-hourly periods, the 
creatinin excretion goes on in the form of a horizontal curve. The 
amount excreted, if excessive meat eating be avoided, is independent of 
the food intake, so that the maintenance of a rigidly monotonous diet 
is superfluous. If 1.5 grams of creatinin be taken in sweetened water 
by a normal person, about 60 to 90 per cent. is excreted in the first 
period, and in the second period 8 to 30 per cent. more, so that in the 
twelve hours, 70 to 100 per cent. of the amount swallowed is already 
eliminated. When the renal function is disturbed, there is a delay in 
the excretion, which may even extend over into the next day. Dis- 
turbances of creatinin excretion are especially marked in bilateral renal 
disease. 

‘‘The method does not permit one to draw conclusions regarding a 
definite lesion, and so it cannot be used for the classification of different 
nephropathies. Newbauer found delayed elimination sometimes in cases 
of arterial hypertension when he had no other clews pointing to disease 
of the kidneys. Excretion was also delayed in cases of gout, in which 
there were no certain signs of renal disease demonstrable. He thinks, 
therefore, that the early stages of a gouty kidney may, perhaps, be 
recognizable by this test. In chronic passive congestion of the kidney, 
disturbances of creatinin excretion were also observed. The method 
may be applied to the diagnosis of unilateral affections on ureteral 
catheterization, since differences greater than 20 per cent. between the 
elimination on the two sides point to pathological changes. ’’ 

UREA IN THE URINE.—The elimination of ingested urea has been 
suggested as a test for kidney sufficiency. According to Pirondini, this is 
an excellent method. 

The principle of intensification of the natural and spontaneous elimi- 
nation of a substance which is a normal ingredient of the urine, he thinks, 
is an ideal method for a test. Experimental polyuria is less instruc- 
tive because both renal and extrarenal factors are involved in this. 
The urea output is less independent of the kidney functioning. The 
urea ingested in the test is eliminated in a curve which resembles that 
of the water in testing polyuria. It shows less influence from position 
and from cirrhosis of the liver, but the curve reflects unerringly the 
condition of the kidneys. It may reveal impairment of function when 
the test polyuria seems to indicate satisfactory work on the part of the 
kidneys. It is most instructive in eases of disease of the bladder or 
prostate with secondary disturbance in kidney functioning; also im 
investigating the capacity of each and both kidneys with surgical 
kidney, and for testing the functioning of the remaining kidney after 
nephrectomy. 

To perform the test the patient is given 30 grams urea dissolved in 
4 to 6 ounces water, and the urine examined for urea by any of the 
reliable quantitative methods. The urine is examined 2 hours before 
the test and every 2 hours for 24 hours after the test. Under normal 
conditions there is a sharp rise in the urea excretion in the second 


KIDNEY FUNCTION TESTS 301 


2-hour period. In kidney disease, this abrupt rise is absent or delayed 
(McKasky). 

DIASTASE OF AMYLASE IN THE URINE.—Pirondini in 1914, Geyelin and 
Geraghty, Rowntree and Cary have studied the elimination of diastase 
in the urine as a means of determining the functionating power of the 
kidney. According to these authors, the test is in agreement with the 
results obtained with phenolsulphonephthalein. 

In cases of marked hematuria or polyuria, or in pancreatic disease this 
test gives discordant results. 

The amylase may be examined by Wohlgemuth’s method: 

Quantitative Determination of Amylolytic Activity: Wohlgemuth’s 
Method (as Given by Hawk).—Arrange a series of test-tubes with 
diminishing quantities of urine, introduce into each tube 5 c.c. of 1 per 
cent. solution of soluble starch, and place each tube at once in a bath of 
ice-water. When all the tubes have been prepared in this way and placed 
in the ice-water bath, they are transferred to a water-bath or incubator 
and kept at 38° C. for from 30 minutes to an hour. At the end of this 
digestion period, the tubes are again removed to the bath of ice-water in 
order that the action of the enzyme may be stopped. 

Dilute the contents of each tube to within about 1% inch of the top, 
with water; add one drop of a N/10 solution of iodin and shake the 
tube and contents thoroughly. <A series of colors ranging from dark 
blue through bluish-violet and reddish-vellow to yellow, will be formed. 
The dark blue color shows the presence of unchanged starch, the bluish- 
violet indicates a mixture of starch and erythrodextrin, whereas the 
reddish-yellow signifies that the erythrodextrin and maltose are present 
and the yellow solution denotes the complete transformation of starch 
into maltose. Examine the tubes carefully before a white background 
and select the last tube in the series which shows the entire absence of 
all blue color, thus indicating that the starch has been completely 
transformed into dextrins and sugar. In case of indecision between two 
tubes, add an extra drop of the iodin solution, and observe them again, 
after shaking. 

Calculation.—The amylolytic activity of a given solution is expressed 
in terms of the activity of 1 ¢.c. of such a solution. For example, if it 
is found that 0.02 ¢.c. of an amylolytic solution, acting at 38° C., com- 
pletely transformed the starch in 5 ¢.¢. of a 1 per cent. starch solution 
in 30 minutes, the amylolytic activity of such a solution would be 
expressed as follows: 

38° 
D ==250 
30™ 
This indicates that 1 ¢.c. of the solution under examination possesses 
the power of completely digesting 250 c.c. of 1 per cent. starch solution 
in 30 minutes at 38° C. 

4. Pharmacological Tests.—Drivuretic Trests.—Attempts have been 
made to test the function of the kidneys by noting their response to 
pharmacological stimulation with caffein, diuretin, urea, theocin, euphyl- 
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lin, ete. None of these tests are, however, specific. Erich Meyer, in his 
researches on diabetes insipidus, is convinced of the efficacy of theocin in 
stimulating the concentrating function of the kidneys. 

BoucHArD’s Urotoxic CoEFFICIENT.—Bouchard considers that he has 
experimentally proved that a healthy person produces an approxi- 
mately constant amount of urinary toxins per kilogram of body- 
weight every twenty-four hours. He goes so far as to estimate a definite 
percentage of toxic effect for each individual constituent of the urine— 
water, salts, pigments, urea, organic bases, etc. He proceeded to deter- 
mine, by experiment, how many ec.c. of urine injected intravenously 
were necessary to kill an animal (rabbit), and expressed this in terms 
of the weight of the animal. From this he deduced the toxin production 
of the individual per diem and per kilogram (‘‘toxin coefficient’’). 
One of the first and most important conclusions he established was 
the diminution of toxic effects in renal disease, and especially in uremia. 
He concluded from this that, in consequence of the incapacity of the 
kidneys, the body does not excrete but retains both the poisonous 
products of metabolism and those toxic bodies which are absorbed from 
the intestines. This retention he regards as the cause of uremia and of 
death. Unfortunately, the method of this gifted investigator has not 
fulfilled all that it promised. The results of the experiment depend 
upon so many factors—one might say even upon so many chances—that 
even the most careful procedure cannot ensure uniform results Many 
physical and chemical factors which had nothing to do with the uremic 
intoxication undoubtedly contributed to the death of the animal injected 
with urine. It is only an extremely poisonous or a non-poisonous state 
of the urine that is worthy of consideration. It is certainly not 
necessary to make use of this elaborate method in order to prove auto- 
intoxication in cases where there is a diminution of the toxins in the 
urine, accompanied by lessened excretion, or far-advanced nephritis, 
or general uremic symptoms. But even in these cases the method often 
fails. Instances have been described by experienced observers where, 
in spite of obvious uremia, Bouchard’s method showed a high toxic 
value of the urine (Bernard). Apart from extreme cases, which are 
of little interest from the point of view of diagnosis and prognosis, the 
method has not helped us to arrive at a quantitative determination of 
the elimination of poisons. In spite of many adherents, belonging 
mostly to the Bouchard’s school, the method has been subjected to severe 
criticism. 

Von Noorden states: ‘‘I am in full agreement with Ewald and 
Ascoli who, in a recent critical study, and in spite of the contention of 
Claude and Balthazar, express the view that Bouchard’s proposal is 
unsatisfactory as a test for determining the incapacity of the kidneys 
or the retention of toxins, or as affording theoretical insight into the 
nature of uremia. I expressed a similar view more than twelve years 
ago in my text-book on ‘The Pathology of Metabolism.’ In certain 
medical circles, however, and especially in Paris, the theory of the 
‘urotoxic coefficient’ is awarded a high place, and whether toxic retention 
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is present or not, no analysis of nephritic urine is considered complete 
which has not been obtained by estimating this coefficient. This can 
only be regarded as pseudo-scientific humbug, which has nothing in 
common with the atmosphere of scientific seriousness which surrounded 
Bouchard’s painstaking studies.’’ 

Cawadias injected the blood-serum of uremic patients into the peri- 
toneal cavity of rabbits and produced immediately such phenomena as 
convulsions, paralyses, dyspnea, hypothermia, even death. Normal 
serum will produce toxic symptoms, but much larger doses are necessary 
than of the serum of a uremic patient. Even the sera of uremic patients 
vary in toxicity, the serum of a patient with convulsions being high in the 
scale. Cawadias emphasizes the fact that the serum of a well person 
differs from that of a uremic patient only in degree of toxicity. The 
results of injection are the same if only the right amount is used. The 
conclusion is drawn that in uremia there is no new poison, but a pre- 
existing toxic substance whose action becomes more intense. 


III. Tue COMPOSITION OF THE BLOOD 


Epstein, whose work on nephritis is a departure from the ‘‘respect- 
able,’’ currently accepted theories of this disease, has advanced a new 
conception of renal disturbances. His work has as yet not been corrobo- 
rated. It is interesting, in any event, and we shall quote from him: 

‘‘From a comprehensive study of the blood, of effusions, and of the 
urine, in this and other forms of renal disease some light was gained 
concerning the morbid processes of this peculiar affection. In a series 
of 193 cases representing various renal eonditions, which I have had 
occasion to observe in the past few years, the type of disease under 
discussion has been encountered in fifteen individuals. It appears from 
these observations that the pathologic and chemical basis of the cases 
now termed ‘chronic nephrosis’ is that of a nutritional or constitutional 
disorder. Furthermore, the evidence acquired also points to the proba- 
bility that certain cases of diffuse nephritis represent a form of renal 
disease in which some of the morbid phenomena correspond to those 
found in chronic nephrosis, whereas others are secondary to or associated 
with inflammatory changes in the kidneys. 

‘‘The most striking phenomenon in this group of renal diseases is the 
intense and persistent albuminuria. The quantity of albumin excreted 
in the urine is often great. Its daily output for weeks and months may 
amount to as much as 50 grams. The source of the albuminous substances 
in the urine is the blood-serum or plasma. In view of the fact that the 
total quantity of protein in the blood-serum, in a normal individual of 
average weight and size, is approximately 210 grams, the daily loss 
incurred by the blood in this manner may constitute a large percentage 
of that present in the circulation. 

‘“Whether the excretion of these substances is due primarily to an 
altered protein utilization, or is the result of an unusual permeability 
of the renal epithelium, is a question which cannot be answered at the 
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present time. The fact remains, that as a result of the intense and 
prolonged albuminuria, profound changes take place in the composition 
of the blood. The development of a state of malnutrition is evidenced 
by a number of facts. Whereas normally the blood-serum contains from 
6.5 to 8.3 grams of protein to the hundred ec.c., of which a little more 
than one-third is globulin; in disease the quantity of protein may be 
much reduced and the globulins show a relative increase. The charac- 
teristic change in the blood-serum in cases of chronic nephrosis is a 
reduction in the total protein content with a marked relative increase 
in the globulin, which in certain instances constitutes nearly all of the 
protein present. 


TABLE 19,—TYPES OF COMPOSITION OF BLOOD-SERUM IN CHRONIC NEPHROSIS 


Per 100 ec.e. 


prota: |. Maven. (sa soe 

(Gm.) (Gm.) Globulin Chlorid (Gm. ) Per Cent. 
(Gm.) (Gm. ) 

3.611 0 065 2 038 0.404 0.760 59.0 

2.731 0.101 2.598 0.390 1.226 95.0 





‘It is known that infections and intoxications of various sorts lead 
to an increase in the proportion of globulin in the blood. Hurwitz and 
Meyer have found that the increase in globulins may result from the 
toxic action of infecting agents on the body tissues. On the basis of 
other changes which occur in the blood, such as the accumulation of 
fatty substances, the increase in the globulin content indicates a tissue 
disintegration. The quantity of fats and lipoids which accumulate in the 
blood in this disease is extraordinary. 

‘‘In no other condition of renal disease are such changes in the blood- 
serum encountered. What concerns other substances in the blood, 
namely, non-protein nitrogen and the chlorids, it might be said that 
these often range within normal limits or may be slightly elevated. One 
reason for the low concentration of nonprotein nitrogen in the blood 
may be a large distribution of this constituent throughout the body in 
the edematous tissues. That this is so is illustrated by the following 
clinical observation : 


‘**The blood of a patient suffering from a severe nephritis, with 
symptoms of impending uremia (visual disturbances, violent headaches, 
vomiting) and a generalized edema, was examined and found to contain 
0.070 gram of non-protein nitrogen per hundred ¢c.c. Ten days later, 
when many of the symptoms disappeared and the edema partly subsided, 
the blood contained 0.210 gram of non-protein nitrogen per hundred c.c. 
Finally two weeks after the second examination, when the patient was 
much improved and the edema had entirely subsided, the non-protein 
nitrogen of the blood was 0.70 per hundred c.e.’ 
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““It is usually stated that, in cases of chronic nephrosis, the urine 
may have a high specific gravity; that it may contain normal quantities 
of nitrogenous urinary substances, but that it is deficient in chlorids. 
According to Widal this is one of the characteristic features of the 
disease. 

‘*In discussing the classification of this group of nephritic conditions, 
I stated that there are certain cases of diffuse nephritis in which some 
of the manifestations resemble those found in chronic nephrosis, while 
others are referable to inflammatory changes in the kidneys. Examples 
of this type are found particularly in two groups of conditions: first, 
during or after pregnancy, and second, in association with diabetes 
mellitus. The first occurs in relatively young women who, in the course 
or directly after a pregnancy, develop renal disease. I have had occasion 
to observe six cases of this type. Not only do such cases show evidence 
of malnutrition as proved by the changes in the blood, but they also 
indicate the occurrence of disturbances in certain of the internal secre- 
tions. As in the cases of chronic nephrosis, the albuminuria is very 
intense; but formed blood elements may occasionally be found. The 
urine is scanty and of varying specific gravity ; i1 is deficient in chlorids 
and may also show diminution in the nitrogen output. The blood shows 
changes similar to those observed in chronic nephrosis, namely, the 
reduction in the protein content of the serum, the relative increase in 
the globulins and an excessive increment in fatty material. Extensive 
edema develops; notwithstanding this fact, the non-protein nitrogen of 
the blood in these cases may be considerably elevated. 

‘“The blood-pressure in the latter group of cases rises very high 
(240 mm. of mercury). The other clinical features which suggest a 
disturbance of the internal secretions are the cessation of menses (in 
four out of six cases), or the development of menorrhagia; loss of hair, 
pigmentation of the face (light coffee brown), exophthalmos, and varying 
degrees of enlargement of the thyroid. 


TABLE 20.—TYPES OF COMPOSITION OF BLOOD-SERUM IN CHRONIC DIFFUSE NFEPHRITIS 
(MILD AND SEVERE CASES) 





Per 100 ¢.e. 


seal | ae, |__| onatrat | ta 
otein en i ' Gm.) 
; Globulin Chlorid ( Per Cent. 
(Gm.) (Gm.) (Gm.) (Gm.) (Per Cent.) 
4.919 0.130 3.440 0.397 0.460 70 00 
3.958 0.084 2.594 0.404 1.150 66.00 


‘“The kidney of pregnancy, as stated before, is believed to represent 
a typical example of nephrosis. The cases just mentioned stand in 
etiologic relationship to pregnancy, and from the character of the 
changes in the blood they resemble the cases of chronic nephrosis; but, 
unlike those, they show a high blood-pressure. This circumstance, 
however, does not militate against the assumption that tho intrinsic 
VOL. I1.—20. 
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nature of the disturbance is similar to that of chronic nephrosis. The 
early cessation of the menses in the majority of the cases suggests that 
the rise of blood-pressure may, to a certain extent, be the result of the 
associated disorder of the internal secretions, like that which occurs in the 
normal menopause. 

‘‘The other pathologic condition, as stated before, with which this 
type of renal disease is sometimes associated is diabetes mellitus. I have 
observed three such cases, two of which occurred in men. The ages of 
the three persons were 52, 58 and 59 years, respectively. In two of the 
eases the glycosuria and the albuminuria were discovered at the same 
time. In the remaining one, the albuminuria antedated the diabetes by 
three years. In these cases, some of the clinical findings differed from 
those of the preceding group. 

‘*F’rom a consideration of the facts presented, it seems probable that 
the morbid processes in chronic nephrosis and in some special cases of 
chronic diffuse nephritis represent a general constitutional disturbance, 
and not merely a disease restricted entirely to the kidneys. No other 
variety of renal disease gives rise to such changes as those found in this 
group of cases. 

‘‘Barring the special cases in which renal disease and diabetes co- 
exist, another striking clinical manifestation in this group of cases is 
the edema. According to Widal, whose views are now generally accepted, 
the edema is the result of a failure on the part of the kidneys to 
eliminate salt and water. On a previous occasion, I discussed the 
question of the causation of edema, and offered evidence in support of 
the view that the retention of salt and water is not necessarily the result 
of a disturbed elimination of these substanecs by the kidneys. The 
forces which prevent their excretion are extrarenal. The hypothesis is 
briefly this: 

‘‘The loss of protein incurred by the blood-serum through the con- 
tinuous albuminuria causes a decrease in the osmotic pressure of the 
blood. Through this condition and the additional circumstance that 
large quantities of fats and lipoids accumulate therein, the physicochem- 
ical state of the blood is disturbed to such an extent that it loses much 
of the power which it normally possesses to withdraw fluids from the 
tissues. Consequently deposition of fluid in the tissues occurs. In other 
words, the edema in this type of nephritis is not necessarily the result of 
a lessened permeability or diminished functional power of the kidneys to 
eliminate salt and water, but is the result of a change in the character of 
the blood. It is noteworthy that the edema fluid in these cases, unlike 
that present in any other condition, is composed almost exclusively of 
inorganic and nitrogenous salts and water. The view here presented is 
amply supported by experimental and clinical facts.’’ 

1. Ambard’s Coefficient—Lamy and Meyer endeavored to compare 
the concentration of urea in the blood with the rate of excretion in the 
urine. They did not recognize the importance of the rate of blood 
flow, and consequently were not able to find any relation between the 
two values. Five years later Ambard and Moreno announced their laws 
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of renal function. They were three in number, and reduced the study of 
kidney activity to a physicochemical basis. The blood-urea was regarded 
as a stimulus acting on the renal cells. The rate of excretion of urea was 
the response of the kidney to that stimulus. In their opinion the rate 
of circulation through the kidney was the chief factor governing the 
concentration of the urine. A dilute urine was a sign of a high rate of 
blood-flow, while a diminished blood supply was shown by the increase in 
the concentration of the urine and a consequent difhinished output of 
water and of urea. 

The first law dealt with the relation of the rate of output of urea 
to the concentration of urea in the blood. The rate of output was found 
to vary directly with the square of the concentration of urea in the blood, 
if the concentration of urea in the urine remained constant. In other 
words, if the quantity of urea in the blood were doubled, the amount 
excreted in a given time would be quadrupled. 

According to the second law, the rate of excretion of urea varied 
inversely with the square root of the concentration of urea in the urine, 
if the blood-urea remained constant. Under these conditions a 
quadrupling of the concentration would result in a halving of the rate 
of output. 

The third law was a combination of the first and second. If the 
concentration of the urea in the blood and urine varied simultaneously, 
then the rate of output would vary directly as the square of the conecen- 
tration of urea in the blood, and inversely as the square root of that in 
the urine. 

The following formula, used in calculating the coefficient, is derived 
from the third law by the addition of correction factors for the patient’s 
weight and for a standard urinary concentration of 25 grams of urea 
per liter: 


Ur. 


70 VG 
DXxX—_-x-——= 
/ P°* /25 


K = Coefficient of urea excretion. 

Ur.= Grams of urea per liter of blood. 

D = Output of urea in grams per twenty-four hours. 

P = Weight of the patient in kilograms. 

C = Grams of urea per liter of urine. 

70 = Standard weight. 

25 = Standard concentration of urea in the urine. 
All weights and concentrations are compared to the 

standards of 70 and 25. 


K= 


The normal value of the constant is from 0.06 to 0.09. With a 
decreasing kidney efficiency there is a rise in the constant, and with an 
increasing function the coefficient falls. 

The analytical methods used by the French had been so inaccurate 
that this work remained practically unknown in this country until 
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McLean and Selling repeated the work, using more accurate methods, 
and found the coefficient to have the same degree of constancy that 
Ambard had found four years previously. 

It has been claimed that the mathematical form of the coefficient is the 
real basis of its constancy and that the laws of function play absolutely 
no role in the attainment of this end. Addis and Watanabe claim that 
Ur. is a relatively constant value and that it is the dominant factor in 
keeping the coefficient constant. On the other hand, D and C are the 
factors which are subject to considerable variation. The effects of these 
variations are minimized by the fact that the greater variant is present 
as its fourth root, and the lesser as its square root. While their 
assumption is partly true, the fact remains that the blood-urea is not 
always a constant value. In a series of nephritics here presented there 
are instances of enormous variations in the blood-urea, without any 
corresponding change in the coefficient of urea excretion. While, strictly 
speaking, the laws of function may be mathematically inaccurate, and 
the formula from which the coefficient is calculated may tend to hide 
these inaccuracies, still there is a very definite relationship between the 
concentration of the urea in the blood and in the urine and its rate of 
excretion. Under similar conditions of urine concentration the rate of 
urea excretion Is always greater with a high concentration of blood-urea 
than with alow one. Similarly, in the presence of a stationary blood-urea 
concentration the amounts of urea excreted under conditions of polyuria 
and Jow urinary concentration are greater than when the volume is small 
and the concentration high. 

In spite of the lack of mathematical accuracy, the normal coefficient 
of urea excretion falls within comparatively narrow limits. 

Objection has been made to the original form of the coefficient because 
the normal value is not a whole number, and because a diminishing renal 
function causes a rise in the coefficient. Balavoine and Onfray have 
advocated the use of a formula, giving the normal coefficient a value of 1, 
and so arranging the equation that a diminution in renal function would 
cause a drop in the constant. Their suggestion was not well received in 
France. 

Ambard has suggested a means of calculating the functional capacity 
of a damaged kidney in terms of percentage of the normal. For ex- 
ample, if, after the injection of urea, a normal individual presents a 
blood-urea of 0.7 gram per liter, his rate of output should be 100 grams 
per twenty-four hours, at the standard concentration of 25 per 1,000. 
This gives a coefficient of 0.07. If a nephritic with a similar concentra- 
tion of blood-urea excretes only 25 grams at the standard concentration, 
his rate of output is reduced to a quarter of the normal. His coefficient 
under these conditions would be 0.14, because 


Blood-urea 0.7 
K race amie cenae lea aie Soe Mien) a 


yRate of Output y 
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Again, if the rate of output were reduced to one-ninth the normal, 
or 11.11 grams, the coefficient would be 


07 991 
/ 11.11 


The absolute functional value of the kidney can also be obtained from 
the coefficient by the use of the following equation: 


(Normal coefficient )? 


————————————,-- == functional value of the kidney in terms of 
(Pathologie coefficient ) yl 


normal, 
2 


0.07 
If we apply this formula to the first case: | == 0.25, that is, 


0.14 
the functional capacity of the kidney is reduced to one-fourth of the 
normal value. This corresponds to the theoretical diminution in the 


0.07 
TT 2— 
car | raed 


rate of output. The same applies to the second case: | 
or one-ninth of the normal value. 

Ambard gives 0.07 as the normal value of the coefficient, with normal 
range of from 0.06 to 0.08. In a series of 107 determinations, McLean 
finds the maximum normal range of the coefficient to be from 0.05 to 0.09 
(index 235-80). He considers any coefficient above 0.09 (index below 80) 
distinctly abnormal, unless the reduced rate of urea excretion can be 
accounted for. An insufficient water intake is a possible cause of 
increased values of the coefficient in quite normal persons. 

Lewis gives his findings of Ambard’s coefficient and MecLean’s in- 
dex in the accompanying tables. The findings in normal cases are 
given in Table 21. The results in pathological cases are found in Tables 
22-25. 

Lewis, from whose excellent work we have largely drawn, thus 
summarizes his observations: 


1. The laws of function are not followed with mathematical exact- 
ness in young and active individuals, but under routine conditions they 
are remarkably accurate. They are correct in principle. 

2. The coefficient of urea excretion is subject to certain variations 
in normals, but any value below 0.06 or above 0.09 should be regarded as 
abnormal] unless the excessive variation can be readily explained. 

3. The coefficient is absolutely independent of the blood urea con- 
centration. Its level is governed by the condition of renal function. 

4. The coefficient is depressed in fever, in hyperthyroidism, in 
hypertension with early changes in the renal arterioles, and in early 
chronic diffuse nephritis. The depression is an evidence of increased 
renal activity due to irritation. 

5. The coefficient is raised in myxedema. 

6. There is an increase of the coefficient in myocardial insufficiency. 
Opinions are divided as to whether this is the effect of an extrarenal 
factor (the circulation) or whether there is a definite anatomic lesion in 
the passively congested kidney. 
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TABLE 21.—AMBARD’S COEFFICIENT AND MCLEAN’sS INDEX IN NORMAL CASES. 








(Lewis. ) 

Urea N. Phthalein 
Case | (Mg. per Ambard McLean Output Di ; 
No. 100 ¢.e. Coefficient Index |(Per Cent. eer Cre 

Blooa ) 2 Hours) 
301 9 0.053 228 55 Psychoneurosis 
302 12 0.054 220 a 
303 14 0.056 204 4) Primary anemia 
304 20 0.058 190 sa 
305 10 0.062 167 62 Psychoneurosis 
306 13 0.062 167 60 
307 10 0.066 147 a 
308 7 0.058 190 3 
309 16 0.063 161 ee Primary anemia 
310 14 0.064 156 57 Cerebra] arteriosclerosis 
312 10 0.067 143 56 Neurasthenia 
314 14 0.072 12 66 
315 14 0.072 124 76 Syphilis, tertiary 
316 17 0.073 120 i Primary anemia 
317 16 0.074 117 60 Gastroptosis 
319 19 0.075 114 65 Diabetes mellitus 
320 11 0.076 lil 47 Colloid goiter 
321 16 0.077 108 67 Multiple sclerosis 
322 14 0.077 108 a Syphilis 
323 1] 0.077 108 of Primary anemia 
325 20 0.078 105 ne 
326 13 0.079 102 50 Neurasthenia 
327 18 0.079 102 60 Syphilis, tertiary 
329 23 0.081 97 66 
330 14 0.082 95 51 Obesity 
332 11 0.082 95 o7 Pylorie stenosis 
333 13 0.088 93 55 Neurasthenia 
335 16 0.085 89 60 Chronic appendicitis 
336 10 0.087 85 67 
337 17 0.087 85 55 General paresis 
339 17 0.092 76 55 Intestinal parasitism 
340 20 0.092 76 79 Psychoneurosis 





TABLE 22.—PRIMARY HYPERTENSIVE CARDIOVASCULAR DISEASE. (Lewis.) 


Corrected 






Gram Rate of Gram Urea 
Gina Urea Output per Urea per | Nitrogen Aenea. | eee Phthalein 
No ae 24 Hours Liter | (Mg. per | qoeficient | Index Output 
° | Liter of 70 VT Blood 100 c.e. (2 Hours) 
Urine, C. [9 X 5 X= Ur. Blood) 
~ 25 
eid 15. 0.05 257 76 
= 9.0 13. 0.048 278 70 
10 re re. ee 0.05 256 60 
14 se ak ee S| ee 0.051 246 63 
] 5.4 14. 0.051 246 70 
5 8.2 14. 0.055 212 58 
6 16.2 17. 0.056 204 53 
12 30.6 : 0.057 197 58 
7 4.9 6. 0.058 190 64 
18 11.3 10. 0.059 181 85 
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TABLE 23.—EARLY CHRONIC NEPHRITIS. (Lewis.) 


Corrected | Gram | _ Uren 


Output per | Urea per Nitrogen | ambard | McLean |Phthalein 


Case i 
Liter (Mg. per! Coefficient] Index Output 

















No. as ae Blood | 100 ce. 
Urine, C. | Dx 5 X—= Ur. Blood) 
Vv 25 
11 Saco a 10 0.052 237 69 
2 29.4 37.9 0.321 15 0.053 227 65 
3 7.11 18.9 0.235 11 0.054 220 78 
8 4.6 12.3 0.193 9 0.055 212 71 
ss 4.6 6.3 0.15 7 0.059 184 it 
14.7 14.5 0.193 9 0.051 246 67 
sig 3.2 8.9 0.15 7 0.05 256 4% 
4 19.6 21.8 0.257 12 0.055 212 56 
i eee eee (ee 8 0.058 190 69 
9 7.3 6.2 0.171 8 0.068 138 70 
11 8.9 9.3 0.257 12 0.07 130 69 
TABLE 24.—ACUTE NEPHRITIS. (Lowis.) 
Percentage 
rote Urea of 
Nitrogen Nitrogen Total Asawa‘ Melssan Phthalein 
(Mg. per (Mg. per Non: Coefficient Index Output 
100 ce 100 ec, protein (2 Hours) 
Blood) Blood) as Urea 
Nitrogen 
34 eae 0.116 ees 40 
16 cade 0.062 ree eri 
1] eer 0.069 dks 55 
45 acene 0.13 38 a 
39 ects 0.104 59 is 
44 rae 0.134 36 15 
lars 22 aC ON 0.079 108 30 
44 27 61.5 0.172 21 4() 
20 10 50. 0.063 163 65 
60 46 76.7 0,232 12 sf 
60 45 75. 0.203 16 48 
57 36 63.2 0.162 24 ass 
49 27 55.1 0.124 42 ae 
Le 24 rer 0.107 56 44 
ae 22 ee 0.119 45 as 
30 22 73.3 0.111 52 50 
19 12 63.2 0.074 117 as 
14 9 64.3 0.054 219 58 
16 9 56.1 0.061 172 63 
129 117 90.8 0.4 4 15 
gies 45 re 0.179 3 23 
178 148 83.2 1.09 0.5 oe 
170 141 83. 1.36 0.3 T. 
125 102 81.6 0.55 2.1 11 
78 55 70.5 0.41 3.8 nie 
42 2 54.8 0.186 18 27 
26 11 42.4 0.124 42 35 
22 8 36.4 0.064 156 45 


22 11 50. 0.12 53 





a a aT a 
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7. The coefficient is above normal in nephritis with renal insuffi- 
ciency. This increase is more evident in chronic diffuse nephritis than in 
the vascular type, due to the greater frequency of renal insufficiency in 
the former cases. The coefficient shows an increase long before there is 
any evidence of nitrogen retention in the blood. The coefficient gives an 
excellent means of following the changes in renal function and of 
measuring the rate of progress of the disease. 

8. There is a marked uniformity in the results of the phenol- 
sulphonephthalein test and the coefficient in all stages of nephritis. In 
the later stages there 1s also a close agreement between the non-protein 
nitrogen of the blood and the coefficient. 

9. Ina few severe cases the coefficient varies without there being any 
evident change in the clinical condition; the causes of these variations 
have been discussed. 

10. The prognostic value of the coefficient is considerable. Values 
above 0.2 are seen only in the severe cases, while constants persistently 
above 0.3 are found only in persons with a maximal impairment of renal 
function. <A_ coefficient above 0.2 has a graver import in vascular 
nephritis than in that of the chronic diffuse type. 

11. For an accurate prognosis, repeated determinations of the co- 
efficient are of greater importance. 


TABLE 26.—COMPOSITION OF NORMAL BLOOD AND OF THE BLOOD IN CERTAIN 
PATHOLOGICAL CONDITIONS. 


(Mg. per 100 c.c.) 


Chronie 


Normal Nephritie Uremia 
Total solids, per cent. .......... 20.2 eee eee 20.0 13-19 12~18 
Total N., per cent. 0.0... .0.. cece eee ees 3.0 2.5-3.0 1.7-2.7 
Non-protein, N. 1.0.2.0 cece eee e ter en ee eaees 25-35 35-90 90-350 
UTGa: ONe. noi eae eG cacetna ok: Bad Cotas 12-23 16-70 70-300 
WG BCG 4554 varhss ewan ohenaawca da enes 1-3 1—4 4-27 
Creatinine cis 66 tae oe ak ae NA ae exe see ees 1-2 1-3 4—33 
CROBLIN:. 2.26i0dccnlwawclie nem Sb hunts aes a ne ore ee 5-30 
AMING*8Cid Nicks Get aaae AES Lae wed 4-9 fiwevawde aes 6—16.0 
AMMONIA: Non cs pee san eae eae eae eae 0.1-0.2 0.1-0.2 0.2—1.0 
Chlorids as NaCl, per cent. ...........2005- 0.65 0.55-—0.75 0.45-0,.65 


Kholzoff has been giving a thorough trial to Ambard’s formula for 
estimating the work of the kidneys by the proportion between the urea 
in the blood and in the urine. Kholzoff thinks that the total amount 
of urea and chlorid eliminated by the kidneys during the twenty-four 
hours is of greater importance than the percentage in urine or blood. 
At the same time he lauds the Ambard index as accurate and reliable, 
giving a better idea of the renal function than any other method. He 
says the method is not reliable for determining the function of each 
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kidney separately, because the technic of collecting urine from each 
kidney is not perfect. Yet it is highly important to collect the whole 
amount of urine without any losses. Therefore, this method can he 
only of limited use, as, for instance, for the purpose of determining 
the function of both kidneys, or when there is but one kidney due to 
congenital deformity or to disease. 

Legueu has obtained very favorable results with this method. The 
uremic constant in case of a tuberculous process in the kidney is modified 
by the extent of the functional disturbance entailed by the morbid 
process, also by the concomitant or consecutive inflammation in the 
kidney, and by the extent of the compensating hypertrophy of the sound 
mate or of parts of the diseased kidney. This sound mate in time 
may become so functionally capable that it may compensate entirely the 
diseased kidney; in this case the uremic constant would indicate normal 
conditions in regard to the secretion of urine, and the diseased kidney 
could be removed without the slightest hesitation (Legueu). 

Legueu found that in every case in which nephrectomy was done on 
the basis of a normal uremic constant—about 0.07—the ultimate course 
confirmed the correctness of the premises. A number of typical cases 
are described in detail out of the 70 in which the formula was calculated 
in advance of the nephrectomy. In 22 cases it proved impossible to 
introduce the ureter catheter and here the uremic constant was almost 
the sole reliance. Only one of the 70 patients died from renal insuffi- 
ciency, and this was the only case in which the findings of the uremic 
constant had been disregarded , for certain special reasons the operation 
was attempted contrary to the indications. The fatal outcome of the 
nephrectomy in this case sustains anew the diagnostic importance of this 
method of estimating, by mathematical formula, the work the kidneys 
are doing in each individual. 

2. McLean’s Index of Excretion of Urea and Chlorid (Fig. 49).— 
In 1915, McLean, basing his studies on the work of Ambard and his 
collaborators, formulated an index for the study of kidney function. 
As Ambard’s coefficient expresses changes in urea excretion by varia- 
tions in the value of the constant, K, these variations must be expressed 
on an arbitrary scale. Values for K increase directly with increase 
in Ur. (the urea concentration in the blood), other factors remaining 
the same. Changes in K, then, reflect changes in the blood urea, 
which changes occur as the square root of changes in the rate of 
excretion. 

In order to express the changes in rate of excretion in a manner 
mathematically correct and based on a scale of 100 for the sake of 
comparison, McLean used a formula adapted from the laws of Ambard, 
which he has called the Index of Urea Excretion. An index of 100, 
corresponding to a value for Ambard’s coefficient 0° 0.080, is the stand- 
ard normal index, and variations are expressed directly in terms of 
the normal. Thus an index of 50 indicates a rate of excretion of 50 per 
cent. of normal under the conditions of concentration in the blood and 
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urine. The index is based on a standard normal Ambard’s coefficient of 
0.080. The derivation of the index is as follows: 


(Rate of excretion found) 


Index = ———______————- X 100 
(Standard Normal Rate) 


(under the same conditions of weight and concentration in blood and 


in urine) 
From the law of Ambard: 
(1) K Ur. Rat Ur. : 
SS =, Ate SS be 
V Rate K 
Ur. 


Similarly (2), 0.080 = —————_—_———— 
y (2) ~/Normal Rate 


: Jr. 
-- Normal Rate = aaa | 





0.080 
| Ur. | 
Therefore (3), __Rate —_ _L = | 0.080 i" 
Normal Rate Ur. a K 
0.080 





0.0 ? 
and (4), Index = 100 x [—x—|-[ = 


Substituting for K (Ambard’s Coefficient) and simplifying 


Index = Gm. Urea per 24 hours y Gm. Urea per liter urine X 8.96 
Wt. in Kilos X (Gm. Urea per liter of blood)? 


When K = 0.080, the standard normal index, I = 100. 


In this form the index offers a means of measuring the rate of ex- 
eretion, under the conditions found at any given time, directly in terms 
of the normal, and does not require the use of an empirical scale for 
comparison of pathological cases with the normal (McLean). 

Ambard and Weill also applied laws to the excretion of sodium 
chlorid in the human subjects. They found that the same general laws 
(discussed under Ambard’s Coefficient) were applicable here, with the 
important exception that, while excretion of urea occurs, no matter how 
low its concentration falls in the blood, there is a threshold for chlorid 
excretion, and when the concentration in the plasma falls below the 
threshold value, excretion of chlorid practically ceases. In view of the 
fact that there is a wide difference in chlorid content of the corpuscles 
and plasma, plasma alone, as the fluid part of the blood, has been studied. 
Ambard and Weill, partly by direct experiments and partly by plotting 
curves, established the normal threshold value for sodium chlorid as 
5.62 grams per liter of plasma. Therefore, the sodium chlorid above 5.62 
grams per liter determines the rate of excretion, and the law may be 
expressed as for urea: 
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Cun oe eee Ee 


NaC: in 24 hours 


Wt in Kilos x y NaCl per liter of Urine 


For practical use it appears best to calculate the plasma sodium 
ehlorid from the rate of excretion, and to compare the calculated con- 
centration with that actually found. The formula, as derived with the 
use of values actually found for the constant in the above formula, 
reads : 


70 C 
Plasma NaCl = 5.62 + / a eS / 1s 


79.33 


This in the simplest form reads: 








Plasma eS 
NaCl = 5.62 + Gm. NaCl per 24 hours X y Gm. NaCl per liter Urine 
4.23 < Wt. in Kilos 


The constancy of this formula depends upon two factors: (1) the 
constancy of the threshold, and (2) the constancy of the rate of excre- 
tion of NaCl above the threshold. Assuming that the laws for rate of 
excretion of NaCl over the threshold remain constant in normal indi- 
viduals, one may calculate the threshold by subtracting the calculated 
excess from the NaCl actually found in the plasma, by the following 


formula: 
i DyC 


Threshold —= Plasma NaCl 
i/ 4.23 Wt. 


This formula is subject to error if the rate of excretion over the 
threshold varies. 

The principles of the laws of urea and chlorid excretion are illus- 
trated by McLean in a very simple way. If we imagine a vessel into 
which water flows at a constant rate, escaping through an outlet at the 
bottom, the water will seek the level in the vessel at which the pressure 
is such that the rate of outflow is exactly equal to the intake. If we then 
increase or decrease the rate of flow, the level will change to meet the new 
conditions. The change in level of the fluid in the vessel may be 
regarded as a compensatory change. Under physiological conditions 
fluctuations in the level of the blood-urea compensate for the changes in 
the rapidity of formation of urea, and changes in the level of chlorid 
in the plasma compensate for fluctuations in chlorid intake. Under 
pathological conditions, changes in the level of urea and sodium chlorid 
in the blood also occur to compensate for changes in the outlet, in the 
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form of the diseased kidneys. In the case of chlorid the outlet of the 
vessel must be considered as being at some distance from the bottom, 
and in such a case, only the level of fluid above the outlet would play 
any part in determining the rate of outflow, which would cease when the 
level of the fluid fell to the level of the outlet. Similarly, only the chlorid 
ahove the threshold determines the rate of excretion, which practically 
ceases when the threshold value is reached. 

The method of investigation followed by McLean is as follows: One- 
half hour after the patient drinks 150 to 200 ¢.c. of fluid the bladder is 
emptied and the subject takes no further fluid or food until a carefully 
timed period, usually of 72 minutes, is ended. The urine excreted during 
this period is collected, and at the middle of the period about 10 e.c. of 
blood are withdrawn from an arm vein, clotting being prevented by a 
small amount of powdered potassium oxalate. The choice of a period 
of 72 minutes is merely for the sake of convenience, 72 minutes being 
1/20 of 24 hours. A 1 or 2-hour period may, of course, be used, all 
calculations in any case being made on a basis of 24 hours. In case an 
error of a few minutes is made in the time of collection of the second 
specimen, the calculation should be made on the basis of the time actually 
elapsed between the voiding of the first and second specimens. The 
amount of urea in the whole blood, the total chlorids, estimated as 
sodium chlorid, in the oxalated plasma after centrifugalization are 
determined. Both urea and chlorids are determined in the urine. By 
substituting the values obtained in the proper formulas the relationship 
of the rate of excretion of these substances to their concentration in the 
blood is determined. The index for urea and chlorid is caleulated from 
the formula given above as follows: 

‘‘The results from the determinations are calculated to the form in 
which they are to be expressed in the formula. The weight of the 
individual, without clothing, should be known to within one kilogram. 
The four variables are substituted in the formula, and the index calcu- 
lated. Calculation has been rendered simple by the use of a special 
calculating device, illustrated in Figure 49. With this device, which is a 
modified 10-inch slide-rule, one needs to remember neither the formula 
nor the mathematical principles involved. With a little practice in 
reading the scales, calculation becomes purely mechanical, and requires 
only a few seconds. Without this slide-rule, calculation is most easily 
performed with an ordinary slide-rule, or by the aid of logarithms.”’ 

McLean asserts that: ‘‘An index below 80 is to be considered as 
abnormal, though not necessarily seriously so. In renal disease an 
index beiow 50 is indicative of a considerable degree of impairment of 
functional ability. The amount of damage to the kidneys, it is believed, 
Is Increasingly greater as the index is lower, and tends to approach 
zero. But a low index may be only temporary, as in the passive con- 
gestion of heart-failure or in acute nephritis, and may return to normal 
on improvement of the condition which is responsible for impaired 
function. The actual figure obtained for the index should be of value 
In prognosis in renal disease, though renal function alone is often not 
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TABLE 27.—ILLUSTRATION OF INDEPENDENCE OF INDEX AND NITROGEN 
INTAKE.* (McLean.) 


Urea Excretion, 


Grams Nitrogen in 24 Hours 72 Minute Period 
Output 

Sj 
Date, 1915 SD o. | @ wa lee 
wa as mt = oia Alp = 
© — = pleerl ws 
~~ he im @ oO od 
/a)e2}]2le¢] 8 | 23) 28] #2] xe 
* |; i}2zits i]s | & | €8| ee] g2] ge 

Es A > D co A 1s c) rs) fas 
NOV). 29 eis 65.0 | 19.2 | 16.1 3.15 | 19.25 |—.05 | 0.858] 9.87] 37.5 | 22.0 
Nov. 12 ...... 64.8 9.6 7.92] 1.61] 9.58 | + .07 | 0.499 | 10.68 | 12.8 23.2 
Nov. 16 ...... 64.8 9.6 | 6.6 2.92}; 9.52] + .08 | 0.411] 7.06]11.0 | 24.0 
Nov. 30 ...... 65.4 4.8 3.48} 1.37] 4.85 |—.05 10.211] 4.387] 3.82] 214 





* Case 1—C. A. P., man, aged 45. Diagnosis: general arteriosclerosis, chronic 
interstitial nephritis. 


TABLE 28.—ILLUSTRATION OF THE COMPARISON BETWEEN THE UREA INDEX AND PER- 
CENTAGE OF PHENOLSULPHONEPHTHALEIN FIXCRETED IN Two Hours. ( Mclean.) 








Phenol- 
co Blood i sulphone- 
ub- . : Urea, rea phthalein, 
Ject Diagnosis Grams Index Per Cent. 
per Liter in Two 
Hours 
1 |Mitral stenosis ............ ccc cece eeees 132 250 83 
2 |Parenchymatous nephritis .............. 216 139 66 
8 {Mitral stenosis ............. 0.0000 c eee, . 196 105 65 
4 {Acute nephritis (convalescent) .......... 383 92 46 
o- Peart-DlOCK: 4 ose aswa bes.t0 90 Sa Gwe aw ee 480 9] 58 
4 [Acute nephritis (convalescent) .......... 395 89 5] 
4 {Acute nephritis (convalescent) .......... 317 68 4] 
6 jChronic nephritis ............ 0.0.0 ce eee 388 60 45 
4 |Acute nephritis (convalescent) .......... 406 o6 34 
7 {Chronic nephritis ............ ccc ee eee .446 52 41 
8 |Chronic nephritis ...................05. 437 47 38.5 
7 jChronic nephritis .............. 0c eee ee 454 44 33 
¢ {Chronic nephritis .................2005. . 546 39 42 
8 |Chronic nephritis ...............000 eee 400 37 27 
4 |Acute nephritis (convalescent) .......... 634 33 25.5 
9 |Mercuric chlorid poisoning ............. .610 19 15 
10 {Chronic nephritis ............... ..00.. .488 18 25 
11 jChronic nephritis ..............00 ee eees 977 8.1 8 
11 {Chronic nephritis ..................0... 1.016 7.9 8.5 
12 |Chronic nephritis ............0..e eee, 1.850 7.4 7 
4 |Acute nephritis ............... 0c ee eee 1.320 7 6.5 
4 |Acute nephritis ........... 0.0 cece ewes .966 6.1 13.2 
13. |Chronic nephritis ................22000- 1.110 4.2 2.5 
14 |Chronic nephritis .................200-- 2.147 1 Trace 
TD FUGA: G2 gel ack nraetaede Wartceae ey mieten ereen 3.430 0.27 0 
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the determining factor in prognosis. In our experience a low index has 
at times been the first indication of a serious kidney involvement. 
When the condition is stationary, life may be maintained for some time 
with a low index. For example, we have seen patients with chronic 
nephritis survive for several months with an index of from 5 to 8, and 
we have seen recovery from acute nephritis after a number of weeks, 
during which time we have obtained the same figures. In another 
instance, the patient survived for about a month after the Index was as 
low as 1.2. Such figures, in chronic disease, certainly determine a grave 
prognosis. But, unless the condition is known to be progressive, it is 
difficult to give a prognosis as to the duration of life. Other aspects of 
the disease must be considered in attempting a prognosis. 

‘‘Progressive decrease in the index, usually associated with ¢ a cor- 
responding increase in the concentration of urea in the blood, is of 
serious import. Two cases have recently been under observation in 
which such a fall in the index was followed by death within a short time. 
In one case the fall in the index was the first indication of impending 
uremia, although the first symptoms did not occur until ten days after 
the discovery of a change in the index. 

‘Use of the index as a guide to dietetic or other treatment of nephritis 
must depend on further studies. It is doubtful whether the diminished 
urea content of the blood which follows a diminished nitrogen intake 
has any direct beneficial effect. Whether a long continued rest of the 
urea function will improve that function remains to be demonstrated. 
On general principles, an impaired function should not be overtaxed, and 
a restricted protein intake should be advised in cases with a markedly 
lowered index of excretion. But brutal restriction of nitrogen intake to 
below the nitrogen requirement of the body does not seem to be indicated 
in cases which are capable of excreting normal amounts of urea, though 
the blood nitrogen may be high and the index low. 

‘‘The influence of diuretic drugs also requires further study. Here 
the findings will depend on the type of case studied, and it is necessary to 
have a satisfactory method for grouping them. Study of diuretic drugs, 
involving also their effect on chlorid function, is in progress. 

‘‘Application of the index is seriously interfered with when water 
excretion is greatly diminished, as in passive congestion or in some 
forms of nephritis. The laws of urea excretion depend on a sufficiently 
rapid rate of urine excretion, and they fail to apply when the water 
output is greatly diminished. We make it a general rule not to attempt 
to apply the index when a rate of urinary outflow equal to at least 
500 ¢.c. in 24 hours cannot be attained.”’ 

3. Physical Methods for Determining Composition of the Blood. 
—FREEZING-POINT, REFRACTIVE INDEX AND SPECIFIC GRAVITY OF BLOOpD- 
SERUM.—In order to differentiate nephropathies, cardiopathies and allied 
conditions, Butterfield, Erdwurm and Braddock made extensive studies 
of the physical and chemical properties of the serum. 

It is well known that the delayed elimination of certain substances 
in the usual forms of nephritis results eventually in the retention of 
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these substances in the body. At present there is a lack of definite 
information concerning the quantitative distribution of the retained 
substances throughout the body fluids and tissues. It is known, however, 
that an increased concentration of certain substances in the blood-serum 
occurs in many eases of nephritis. Furthermore, the blood-serum is the 
most accessible material to study for evidence of changes in concentra- 
tion, which would result from retention of sufficient quantities of the 
substances in question. 

Through the work of Widal and his collaborators, of H. Strauss and 
P. von Monakow, the existence of two definite forms of nephritic reten- 
tion has been established. In one form water and salt are retained, while 
in the other, there is retention of nitrogenous substances. In some cases 
both forms of retention oecur together. While this information has 
been derived chiefly from metabolism studies, it would seem logical to 
suppose that a sufficiently prolonged retention would be followed by 
characteristic changes in the blood-serum. The detection of these changes 
in the serum would depend largely on a fortunate selection of methods. 
Chemical methods alone would not always yield the information desired. 
A determination of the concentration of sodium chlorid, for example, 
would reveal little or nothing if both water and salt were retained in 
corresponding amounts. Nevertheless, the resulting dilution of the 
serum with aqueous salt solution could be detected by physical methods. 
H. Strauss made use of the refractometer for this purpose, and thereby 
ealled attention to the hydremic state of the blood-serum, estimated by 
the low refractive index, in cases of nephritis with edema. 

Other physical methods may be used to detect different changes in 
nephritic blood-serum. The freezing-point, for example, may be taken 
as a measure of the concentration of relatively simple molecules, irre- 
spective of their chemical nature. Although the freezing-point method 
has been more or less abandoned of late, previous reliable work has 
shown that there is an increased depression of the freezing-point of the 
blood-serum in most cases of uremia. Specifie gravity determination has 
also been used to detect changes in the composition of blood-serum, and 
hydremic sera have been recognized previously by this method. 

The numerical values of the freezing-point, refractive index and 
specific gravity not only deviate from the normal, but may also vary 
independently of one another. These independent variations represent 
changes in the concentration of entirely different groups of substances. 
Consequently, the systematic use of these methods would seem especially 
applicable to the problem of nephritic retention, and should yield 
valuable results in the diagnosis of cardiopathies and nephropathies. 
This is in fact the case, and it has been possible with these methods to 
establish characteristic serum pictures for (1) chronic nephritis with 
edema, (2) chronic nephritis with uremia, and (3) chronic nephritis 
with both edema and uremia. Furthermore, chronic nephritis with 
edema may be differentiated from cardiac decompensation with edema by 
analysis of the serum. Finally, it is possible to recognize a group of 


vases which cannot be classified either as primary cardiopathy or neph- 
VOL II —21. 
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ropathy. These cases show persistent hypertension and an extremely 
concentrated serum. In the absence of more detailed knowledge they 
may be designated provisionally as primary arteriosclerotic hypertension. 

Butterfield and his collaborators, in their study of the physical 
changes of blood and serum, determined the freezing-point, refractive 
index and specific gravity and supplemented them by determination of 
the protein content and dry residue of the serum. While these supple- 
mentary determinations do not add materially to the results, they furnish 
a striking demonstration of the relatively large variations possible in the 
solid constituents of the blood-serum in different diseases. 

The freezing-point was determined with the Beckmann apparatus. 

The refractive index was determined with the Zeiss immersion re- 
fractometer. The expression ANd X 108 represents the difference be- 
tween the refractive indices of serum and water at the same temperature, 
multiplied by 1,000. This makes the numerical results more striking to 
the eye without affecting their validity in any way. 

The specific gravity was determined with an Ostwald pyknometer. 
The figures given are corrected for temperature and buoyancy of air. 
The specific gravity is designated as ‘‘sp. gr.’’ in the tables. 

The protein content was determined gravimetrically after precipi- 
tation by alcohol. The dry residue was determined in the customary 
manner. The results of the determinations of the protein content and 
dry residue are expressed as percentage weight in volume. 

Ten to 15 ¢.c. of serum are sufficient for a single determination of the 
freezing-point, refractive index, specific gravity, protein content and 
dry residue. 

Butterfield, Erdwurm and Braddock draw the following conclusions 
from their work: 

The results obtained (Table 29) demonstrate the practical value of 
this system of analysis in differentiating the cardiopathies from the 
nephropathies and in classifymg the nephropathies. The diagnostic 
results thus obtained should correspond closely to the results obtained by 
a study of the metabolism balance. Determination of the freezing-point, 
refractive index and specific gravity of blood-serum is a simple pro- 
cedure and requires, at most, two hours, while a study of the metabolism 
balance covering the same ground would take at least a week. Analysis 
of serum by these methods possesses other advantages over the metabolism 
method. Retention of nitrogen or of water and salt is common to a 
variety of conditions, and is not necessarily indicative of nephritis. 
Serum analysis enables one to differentiate the cases in which retention 
is the result of defective renal elimination from those in which retention 
is due to other causes. 

On the other hand, there are limitations to the serum work. It is 
obvious that the retention of any substance must attain a certain 
threshold figure with respect to time and quantity before any changes 
ean be detected in the serum by these methods. It is conceivable that a 
slight retention could be detected by the metabolism method before 
definite changes occurred in the serum. The metabolism method and 


KIDNEY FUNCTION TESTS 323 


TABLE 29.—ANALYSIS OF THE BLOOD-SERUM. 





Freezing ANd X 10° Specific Dry Protein 





Group Case point Gravity | Residue | Content 
I. Normals ........ 1 ¥F 0.55 16.8 1.027 9.5 7.9 
2B 0.56 17.0 1.026 aren 7.7 
3 R 0.59 17.8 1.026 9.9 8.5 
4K 0.57 17.9 1.027 ee : 
5 F 0.57 18.0 1,027 10.0 8.2 
II. Cardiac Decompen- 
sation with Edema| 1 H 0.55 19.2 1.030 10.8 9.2 
2 L 0.58 17.3 1.026 9.7 8.0 
3 C 0.56 17.0 1.025 9.5 7.8 
4H 0.56 16.4 1.024 9,1 7.4 
5 Z 0.53 16.0 1.024 9.1 7.4 
6 H 0.54 16.0 1.024 9.0 7.0 
III. Chronic Nephritis 
with Edema ....} J H 0.59 11.0 1.015 6.3 4.3 
2H 0,58 11.3 1.016 6.6 5.0 
3 F 0.53 11.5 1.016 6.9 5.1 
4 T 0.55 12.6 1.017 7.1 5.6 
5 K 0.57 12.8 1.020 1.2 6.1 
6 F 0.56 12.8 1.021 eaane 5.7 
7D 0.54 12.9 1.020 7.3 sta 
8 R 0.55 12.9 1.020 7.2 5.6 
9G 0.56 13.0 1.019 7.6 5.7 
10 V ().59 13.2 1.017 7.0 $2.5 
11 P 0.56 13.95 1.019 8.8 0.7 
12 R 0.54 13.5 1.018 Lik 6.0 
13 M 0.55 14.2 1.021 8.0) 6.2 
14 R 0.59 14.2 1.022 8.4 6.6 
15 G 0.56 14.3 1.023 8.0) 6.3 
16 T 0.55 14.5 1.023 &.1 6.7 
Sept. 28) 17 G 0.57 13.1 1.022 17.3 5.8 
Oct. 7) 17G 0.55 14.3 1.022 8,1 6.6 
July 27) 18 K 0.55 13.8 1.020 8.1 6.3 
Oct. 7] 18 K 0.56 14.8 1.022 6.7 
IV. Chronic Nephritis 
with Uremia .. 1V 0.76 18.9 1.030 10.8 8.3 
2 P 0.68 18.9 1.030 10.7 8.4 
3 C ().67 18.3 1.027 packs ae 
4L 0.66 18.2 1.030 11.4 9.0 
5 K (0.62 17.1 1.028 ver ; 
60 8S 0.61 16.5 1.027 11.1 7.8 
V. Chronic Nephritis 
with Edema and 
Uremia ......... 1G 0.6] 15.4 1.025 8.5 7.8 
oP 0.63 14.4 1.022 8.2 5.9 
3 C0 0.62 13.3 1.022 7.4 5.3 
VI. Arteriosclerosis 
with Hypertension} 1 G 0.59 20.8 1.033 12.2 9.8 
2H 0.56 20.7 1.031 11.4 9.4 
3 W 0.56 19.7 1.030 11.6 9.3 
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serum analysis should be used to supplement each other until sufficient 
comparative data have been obtained. 

It should also be borne in mind that the serum findings merely give 
a picture of the state of the serum at the time of examination. In 
pathological cases this picture may change from time to time with the 
progression or regression of the correlated symptoms. A uremic attack 
may clear up after several weeks, either spontaneously or as a result 
of bleeding and restriction of protein in the diet, and the freezing-point 
may then return to normal. Similarly a hydremic serum may gradually 
change to normal during the disappearance of nephritic edema. 

Serum analysis, as well as the metabolism method, also furnishes 
valuable indications as to the course of dietetic therapy to be followed 
in the different form of nephropathies. In the uremic type a restriction 
of protein to the minimum necessary for maintenance is clearly indi- 
cated; at the same time the general nutrition should be kept up by 
increasing the fat and carbohydrate in the diet. In the hydropic form 
of nephropathy restriction of salt is indicated. Bleeding is beneficial 
in either uremic or hydropic cases. The restriction of salt or protein in 
the diet relieves the kidney of unnecessary work and rests the damaged 
function. No one would expect such treatment to remove scar tissue 
from the kidney or restore destroyed structures. It may be possible, 
however, to prevent a progression of the destruction of renal substance 
and to restore the function of partially damaged structures. At present 
it is impossible to foresee the beneficial results which may be derived 
from the dietetic treatment of early cases of chronic nephritis. It is not 
unreasonable to suppose that similar results would be obtained as in the 
rational dietetic treatment of diabetes. 

Krotoszyner and Hartman investigated the value of blood cryoscopy 
and blood urea in a comparative study of renal function. They discuss 
their results in the following words: 

‘‘A comparative study of the clinical importance of blood urea and 
blood eryosecopy must necessarily be based on the consideration of the 
significance of the two tests. Blood urea estimates renal function by 
quantitative determination of retention in the blood of a single, though 
admittedly the most important, constituent of urine; in renal insuffi- 
ciency the test indicates pathologic accumulation of end-products of 
nitrogen metabolism, and, therefore, does not so much register the 
degree, course and variability, as merely the final stage of disturbed 
function. Blood cryoscopy, on the other hand, does not depend on 
retention of a single urinary constituent, but on the total sum of retained 
molecules; or, in other words, it measures renal secretory activity in its 
totality. On account of the narrow margin of freezing-points between 
normal and pathologic values, the rise or fall of renal functional capacity 
ean be followed by repeated eryoscopy, and the test assumes, by this 
means, a prognostic significance which is of the utmost importance for 
surgical purposes, since on its findings indications for rational thera- 
peutic measures may be based. Blood urea, on the other hand, because 
simply demonstrating abnormalities of renal metabolism, to which the 
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organism has been subjected in the past, and on account of its very 
broad range for normal values, is a less delicate index of variations in 
renal activity, and, therefore, lacks in prognostic finesse. 

‘‘Thus, in a patient with prostatic cancer, who died a few days after 
prostatectomy, freezing-points gradually rising to 0.580 were found, while 
the corresponding blood urea points ranged between the normal figures 
of 165 and 420. In a comparative study of a fatal case, of similar type, 
in which gradual deterioration of renal function was ascertained by 
freezing-points rising from 0.540 to 0.611, the corresponding blood urea 
points varied between 288 and 542, values which are considered to lie 
still within normal limits. 

‘‘In contrast to these findings, five patients with chronic nephritis, 
with death in uremic coma, showed for both tests high or pathologic 
points, thus giving parallel results. 

‘“‘The greatest objection which has been made to blood cryoscopy is 
the limited range of normal freezing-points, which lie within 0.02 of 
1 degree C., and on account of which the slightest inaccuracy in technic 
may vitiate the result. While this objection does not obtain with blood 
urea, because of its very broad range up to 550 mg., the drawbacks of 
the test, as pointed out above, are not offset by the technical difficulty 
of eryoscopy. After a long practical experience with blood cryoscopy 
we must admit that its technic is exceedingly delicate, and that correct 
determination of the end-point is only feasible after long and continu- 
ous practice; since differences exceeding 0.005 of 1 degree C. may con- 
siderably change interpretation of end-results. During the course of 
the test a great many precautions must be continuously observed in the 
handling of the apparatus, thorough skill in which can only be acquired 
by constant application of an intelligent operator with laboratory train- 
ing. Everything in the performance of the test, therefore, depends on 
attention to detail, which, if neglected in the slightest, may entirely 
upset the end-result. As soon, though, as these technical difficulties 
have been mastered, the results assume a surprisingly uniform aspect 
and the test becomes, in experienced hands, a finer and more exact 
index of renal function than any other method of determination of total 
renal function. In determination of blood urea, on the other hand, the 
technic is rather gross and is easily learned and mastered, so that the 
average intern, after some experience, may obtain reliable results. We 
ean, nevertheless, only partly agree with Ilinman’s statement, which 
designates blood urea as the simplest, most definite and most practical 
of tests of retention. It is certainly simpler, and therefore possibly more 
practical, but not more definite than eryoscopy, the technie of which 
is not so difficult as not to be within reach of every surgical assistant.’’ 

4. Chemical Composition of the Blood.—THE Non-Protetn Nitroc- 
ENOUS CONSTITUENTS OF THE BLOop.—Ever since the time Prevost and 
Dumas who, in 1823, first demonstrated an increase of the urea of the 
blood, after extirpation of the kidneys in animals, the total non-protein 
nitrogen and the urea of the blood have been the subject of repeated 
investigations and have been accorded considerable importance in the 
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diagnosis and prognosis of Bright’s disease. Owing, however, to the fact 
that the methods employed have been various and more or less subject 
to error, the results obtained have been conflicting. This may be readily 
seen when we find that the total non-protein nitrogen in the normal 
person is given as anywhere from 25 to 60 mg. per hundred e.c. of 
blood. The brilliant methods recently devised by Folin render possible 
the accurate estimation of these substances in a small amount of blood, 
from 2 to 5 ec. sufficing for all the analyses. The increase in ac- 
curacy depends upon an improved method of removing the proteins 
from the blood, and the use of Nessler’s solution makes it possible 
to work with small quantities of blood (Tileston and Comfort). 

The term ‘‘non-protein nitrogen’’ explains itself. It includes all 
the nitrogenous substances remaining after the removal of proteins by 
precipitation, in the case of Folin’s method, by means of methyl] alcohol 
and later zine chlorid. Other names for it are ‘‘incoagulable nitrogen,’’ 
‘filtrate nitrogen,’’ ‘‘rest’’ or ‘‘retention nitrogen.’’ 

Folin’s method for the total non-protein nitrogen is essentially a 
‘*Micro-Kjeldahl’’ process, in which the ammonia, after neutralization 
of the products of digestion, is blown over into a collecting vessel by 
a current of air instead of by distillation, and is estimated by the use 
of Nessler’s solution and the colorimeter, as in water analysis. IIis 
method of urea depends upon the quantitative breaking down of this 
substance to ammonia at a temperature of 150° C., and its subsequent 
estimation in the same manner as the total nitrogen. The figures ob- 
tained represent urea estimated as nitrogen, and include the ammonia 
nitrogen, which, however, is so small in normal blood, and presumably in 
most forms of disease, as to be negligible. 

Hohlweg, in association with Meyer, was among the first to demon- 
strate the value of determining the rest N of the serum in the diag- 
nosis and prognosis of severe nephritis. He reported observations on 
the rest N of the serum of patients with unilateral and bilateral kidney 
disease, before and after operation. He found normal values in pure 
unilateral disease and no increase following nephrectomy, if the remain- 
ing kidney was normal. In patients with one diseased kidney and a toxie 
injury in the other, the rest N is increased. Values up to 75 mg. for 
100 ¢c.c. of serum do not contra-indicate operation and in general indi- 
cate that the process in the good side is still reparable, or at least capable 
of improvement, Values of 100 mg. contra-indicate operation. The rest 
N may increase just after operation but in 4 to 6 weeks it returns to its 
original level and may go lower than normal. 

Folin and Denis, working with the new methods, found in a series 
of 16 healthy adults that the total non-protein nitrogen varied within nar- 
row limits, and from 22 to 26 mg. per 100 ¢.c. of blood, while the urea 
nitrogen was exactly half as much—from 11 to 18 mg. The blood was 
taken in the forenoon, from 3 to 6 hours after breakfast. The figures 
given by previous investigators, as already mentioned, are all too high 
by reason of faulty methods. 

Tileston and Comfort studied 142 cases of one sort or another. For 
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the purpose of classification, they have been divided into 11 groups, as 
follows: (1) chronic nephritis; (2) other diseases of the kidneys and 
of the genito-urinary tract; (3) lead-poisoning; (4) the complications 
of pregnancy; (5) acute intestinal obstruction; (6) diseases of the 
heart and aorta; (7) the acute infections; (8) syphilis; (9) tubercu- 
losis; (10) diseases of the nervous system; (11) miscellaneous diseases. 
These will be taken up in order. 

For practical purposes they considered figures for the nitrogen be- 
low 30 mg. normal; those from 30 to 35, slightly increased; from 35 to 
50, considerably increased ; and from 50 to 100, greatly increased. One 
hundred mg. or more constitute a very dangerous elevation of the waste 
nitrogen. In the case of urea nitrogen, anything over 16 mg. is prob- 
ably abnormal, and above 25 mg., considerably increased. 

Tileston and Comfort concluded from their investigations that: 


1. In the fasting healthy adult the total non-protein nitrogen varied 
between 22.9 and 25 mg. per 100 e.c. of blood, and the urea nitrogen 
between 12 and 14 mg. 

2. The effect of a full meal with meat, in the case of the healthy 
adult, was a rise of total non-protein nitrogen averaging 4.7 mg., and 
of urea, averaging 2.5 mg. 

3. In both chronic interstitial and chronic diffuse nephritis the 
cases without symptoms of uremia showed normal or moderately elevated 
values; the uremic cases, with one possible exception, showed a great 
increase in both nitrogen and urea. 

4, The excretion of phenolsulphonephthalein was roughly propor- 
tioned to the degree of retention; the cases with 100 mg. or over of 
total nitrogen all showed 5 per cent. or less phenolsulphonephthalein 
excretion. Many cases, however, with a considerable impairment of 
phenolsulphonephthalein excretion showed no signs of retention, and a 
moderate amount of retention of waste nitrogen often occurred with 
no impairment of the elimination of phthalein. 

o. The proportion of urea nitrogen to the total non-protein nitrogen 
in disease varied from 32 per cent. to 85 per cent. Where the nitrogen 
was normal the urea usually was about one-half the total nitrogen; 
where it was elevated, the urea usually, but by no means always, con- 
stituted about 70 per cent. of the whole. No reason could be found 
for these variations. The determination of the total non-protein nitrogen 
alone is therefore more valuable than that of the urea alone. 

6. The estimation of the non-protein nitrogen is of the greatest 
value in the diagnosis of uremia. Amounts of 100 mg. or over were 
encountered in only two conditions besides uremia, namely, acute in- 
testinal obstruction and profound anemia from hemolysis. Only 1 
case of uremia without marked increase in nitrogen was encountered 
out of a total of 8 cases. 

7. The determination of the total non-protein nitrogen is a great 
aid in the prognosis of chronic nephritis. Patients showing over 100 
mg., with one exception, did not live more than 35 days. 
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8. The results of blood analysis furnish the best guide as to the 
diet to be given in nephritis. Cases with a considerable retention re- 
quire a restriction of protein, and by this means a return to normal 
figures may be brought about, if the azotemia is not too pronounced. 
In cases of outspoken uremia, however, no marked reduction of the 
azotemia has resulted from a protein-poor diet. Nephritis with a normal 
amount of non-protein nitrogen does not call for any marked decrease 
of protein diet. 

9. In chronic passive congestion of the kidneys there is little or 
no retention of nitrogenous waste products. 

10. In pyelitis the presence of azotemia probably indicates involve- 
ment of the parenchyma of the kidney. 

11. A marked elevation of the non-protein nitrogen of urea renders 
the patient a poor operative risk, and the azotemia should be overcome 
by diet, if possible, before an operation is attempted, in all cases in 
which delay is permissible. In hypertrophy of the prostate, for example, 
a low-protein diet may be combined with drainage of the bladder as a 
preliminary to operation. 

12. Chronic lead-poisoning was accompanied by evidence of reten- 
tion in all cases examined. 

13. The eclampsia of pregnancy seldom shows a marked increase 
in non-protein nitrogen and urea. It is therefore distinct from uremia. 
Analysis of the blood will usually serve to distinguish between uremia 
and eclampsia. 

14. In acute intestinal obstruction a tremendous increase in the 
nitrogenous waste products was found in all of the three cases exam- 
ined. A return to normal took place in the two which recovered. 

15. Compensated valvular disease of the heart—aortic aneurysm, 
acute pericarditis with effusion, and acute endocarditis in the absence 
of disease of the kidneys—all showed normal values, 

16. In acute lobar pneumonia a considerable increase was seen in 
the majority of cases, reaching its maximum toward the crisis, but bear- 
ing no relation to the time at which resolution took place. Typhoid 
fever, acute rheumatism and uncomplicated scarlatina showed normal 
figures. 

17. Syphilis showed a considerable degree of retention in 36 per 
cent. of the cases examined, evident in all stages of the disease. 

18. In cerebral hemorrhage, hysteria and neurasthenia, no increase 
was found. 

19. Severe anemia due to hemolysis showed a marked retention, 
reaching in one case 100 milligrams of nitrogen. 

20. In uncomplicated diabetes the values were normal; both cases 
examined in coma showed retention. 

21. The administration of thyroid extract in two cases of myxedema 
caused an increase in both nitrogen and urea. Both cases were compli- 
cated with chronic nephritis. 

22. In exophthalmic goiter the blood-nitrogen and urea were nor- 
mal in amount. 
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23. No changes were met with in malignant disease which could 
not be ascribed to a complication with renal disease. 

24. In a case of acute yellow atrophy the proportion of urea-nitro- 
gen to the total non-protein nitrogen was decreased, although there was 
a considerable degree of azotemia. 


Folin, Denis and Seymour state: ‘‘It would seem from these results 
as though the direct determination of the non-protein nitrogen (and 
urea) in the blood furnishes a more reliable guide to what might be 
called the protein tolerance of patients than can be obtained from any 
‘direct’ test of kidney efficiency, for of all tests yet devised for this pur- 
pose the phenolsulphonephthalein test of Rowntree and Geraghty is 
admittedly the best.’’ 

The methods for the determination of non-protein nitrogen, urea, 
creatinin, etc., in the blood have been described (see p. 119). 

An elaborate investigation of the non-protein nitrogen of the blood 
recently published by Bang of Lund, Sweden, has brought a confirma- 
tion of some of the earlier chemical statistics of the blood as well as an 
addition to the known facts. Thus the average figure for the non- 
protein nitrogen is placed, as the result of numerous new analyses, at 
25 mg. per hundred grams of blood; out of this an average of 15 mg. 
is apportioned to urea. These values correspond fairly closely with 
those first established in this country for man by Folin and Denis. 

It has been demonstrated that both amino-acids and urea, represent- 
ing food and waste, respectively, from the standpoint of nitrogenous 
metabolism, occur in the corpuscles as well as in the plasma of the 
blood, the formed elements being permeable to such compounds. An 
analogous behavior is known in the case of blood-sugar. According 
to the newest analysis of Bang, both the corpuscles and the plasma of 
human blood, as a rule, contain practically the same amount of total 
residual nitrogen, urea and amino-acids. In several instances Bang has 
observed an increase in the urea content of the blood without any 
comparable change in the other non-protein nitrogenous constituents dur- 


TABLE 30.—ANALYSIS OF BLOOD: NORMAL.* 








Total Nitrogen (mg.) Urea Nitrogen (mg.) 

Age 

After Fasting (2%, Hours After| After Fasting [242 Hours After 
12 Hours Heavy Meal 12 Hours Heavy Meal 

24 22.9 25.9 12.0 13.6 
26 25.0 27.9 13.6 14.5 
27 23.7 29.5 12.6 15.1 
29 23.8 52.3 14.1 20.9 
29 23.2 26.4 12.3 13.1 





*In this and the following tables, the figures for total nitrogen and for urea nitrogen repre- 
sent milligrams per 100 c.c. of blood. 
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TABLE 31.—ANALYSIS OF BLooD: NEPHRITIS 








Urine Blood 
Systolic 
Sex| Age Diagnosis Blood- | Phenol- 
. a pressure} sulphone- Total N 
(mm.Hg)| phthalein Diet N (mg. ) 
Per Cent. in (mg.) | Urea 
2 Hours 
M | 47] |Chronic interstitial. 180 66 Mixed ......... 23.0 11.4 
F | 62 |Chronic interstitial. 195 ee Mixed ......... 23.2 11.1 
F |} 52 |Chronic interstitial. 210 40 Mixed ......... 27.4 13,4 
F | 75 |Chronic interstitial. 210 38 Mixed ......... 28.2 14.6 
F | 66 |Chronic interstitial. 220 38 Moderate protein} 29.0 16.1 
Poor protein, 
DAY onset 25.3 chiens 
M | 65 |Chrunic interstitial. 200 lg Mixed ......... 29.7 16.1 
F | 64 [Chronic interstitial. 205 42 Mixe@) cise vans 31.5 16.4 
F | 46 |Chrunic interstitial. 180 50 SOLU cn eee end 31.7 15.4 
F | 61 |Chronic interstitial. 250 es Mixed ......... 31.7 16.7 
F | 63 |Chronic interstitial, 
with albuminuric 
retinitis ....... 185 ae Mixed ......... 32.0 17.7 
F | 53 |Chronic interstitial. 240 7, Mixed ......... 35.3 ee 
F | 24 {Chronic interstitial, 
with cholelithia- 
Bld? Gawereias wis 80 Sott..<2 iaxedes 57.5 27.7 
M | 48 |Chronic interstitial, 
with uremia ... 240 22 Low protein, 
26 days ........ 24,2 12.5 
M | 25 |Chronic interstitial, 
with albuminuric 
retinitis ....... 212 0.0 |Mixed ......... 79.5 55.1 
102.2 79.5 
70.5 40.4 


M | 55 |Chronic interstitial, 
with uremia ... 210 0.5 {Milk .......... 87.5 53.1 
151.2 109.4 


M | 22 |Chronic interstitial, 
with uremia ... 180 0.56 jMixed ......... 188.7 141.0 
286.2 191.0 


M | 25 |Chronic interstitial, 


with uremia ... 175 0.0 {Low protein ...| 220.0 | 143.0 

5 days mixed ...| 232.5 184.0 

GAYE scad kets &s 324.0 237.0 

F | 20 {Chronic diffuse ... 132 43 Liquid ........ 313.0 | 205.0 
M | 25 jChronic diffuse ... 146 5 Soft .......... 26.7 10.7 
210 20.0 {Salt free 5 weeks; 22.6 8.0 

Mixed ......... 55.2 31.5 

67.0 49.0 

140 6 113.1 

173.7 131.3 

M | 44 |Amyloidosis ..... ee 55 Miz6d 2 sccGeu< 33.9 15.3 





ing starvation. This was demonstrated, however, to be associated with 
a lack of water, and disappeared as soon as a suitable intake of water 
was assured. The ingestion of protein did not lead, in Bang’s experi- 
ence, to any noteworthy concentration of amino-acids in the blood unless 
the intake was inordinately large. Evidently a renal loss of amino- 
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acids is thus averted so long as the blood content does not rise to an 
excretion level. The urea content may be decidedly increased, how- 
ever, thus showing the speedy conversion of amino-acid nitrogen into its 
characteristic end-product of nitrogenous waste. 

From the work of Tileston and Comfort, whom we have quoted 
above, the accompanying tables are extracted, showing their results in 
normal (Table 30) and pathological (Tables 31 and 32) subjects. 


TABLE 32.—ANALYSIS OF BLOOD: OTHER DISEASES 

















Urine Blood 
eyevove 
A * lood- Phenol- , 
Sex| Age Diagnosis pressure | sulphone- Diet Total | Urea 
(mm.Hg)| phthalein N N 
Per Cent. in (mg.) | (mg.) 
2 Hours 

M | 48 |Acute nephritis ... 85 48 BOL: swiesekas 69.7 57.7 
29.5 15.7 

M | 58 {Chronic passive con- 
gestion ......... 128 70 Karell ....... 24.6 13.7 

M | 54 |Chronic passive con- 
gestion ......... 170 49 Karell ....... 25.0 13.8 

M | 58 |Chronic passive con- 
gestion ......... 120 50 = (0) & Ae ee 30.6 16.9 

M | 45 /Chronic passive con- 
gestion ......... 90 58 Mixed ....... 31.7 15.1 

M | 47 |Chronic passive con- 
gestion ......... 115 53 Karell ....... 34.4 17.5 

M | 21 |Chronic passive con- 
gestion ......... 110 75 BOL cieteees 42.2 25.4 

F | 16 {Chronic passive con- 
gestion ......... 528% = 210) | ae nee 67.7 43.9 
F | 27 |Pyelitis .......... 118 80 BOM ese 545 26.5 14.9 
F | 19 |Pyelitis .......... 112 30 Liquid ....... 70.7 51.0 
0) | ee a 40.2 29.2 
Mixed ....... 33.5 18.2 
M | 47 |Hypernephroma ... 125 oe Liquid» ...06c4. 91.2 61.2 

M | 62 |Sfricture of urethra, 

with acute ascend- 
ing infection ... 180 re Soft: .scsaeves 209.0 172.0 

M | 63 {Stricture of urethra face se Soft, with meat 

once daily ..| 31.4 19.1 

M | 69 [Tuberculosis of geni- 
to-urinary tract . 88 10 Liquid ....... 50.0 37.6 

M | 86 |Hypertrophied pros- 
tate with retention 85 es Mixed ....... 48.7 37.6 
Low protein ..{; 30.5 17.2 

M | 77 \Hypertrophied pros- 
tate with retention 142 60 Mixed ....... 41.0 24.3 

M | 64 |Carcinoma, prostate 
and bladder ..... 110 10 MOLE. 278s eee 58.2 45.5 
M | 70 |Carcinoma, bladder. aa OO. Nae gciune rae at 99.5 69.7 


From the work of Folin, Denis and Seymour we copy the following 
blood findings in nephritis (Table 33): 
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It would seem from these results as though the direct determination 
of the non-protein nitrogen (and urea) in the blood furnishes a more 
reliable guide to what might be called the protein tolerance of patients 
than can be obtained from any ‘‘direct’’ test of kidney efficiency, for 
of all tests yet devised for this purpose the phenolsulphonephthalein 
test of Rowntree and Geraghty is admittedly the best. 

Garnier and Gerber studied the character of kidney function during 
infective jaundice. In very severe cases, oliguria and even absolute 
anuria indicated the inaction of the kidneys: the urea content of the 
blood increased up to the moment of death and attained exceptionally 
high values—as high as 9.2 grams per liter. The absolute value of 
the urea content of the blood is, however, not determinative of the prog- 
nosis, inasmuch as patients have recovered after showing contents of 
5.00 and 5.93 grams of urea per liter of serum, and others succumbed 
after showing maximum contents of only 2.87 and 3.23 grams urea per 
liter. The Ambard coefficient attained very high values in severe cases 
—up to 1.22 and 1.28. Urea ceased to be retained in the blood stream, 
and the Ambard coefficient returned to normal in 7-15 days following 
the beginning of the jaundice. 

Chase and Myers drew the following conclusions from their study 
of their blood chemistry in nephritis: 

‘¢ An increase in the uric acid of the blood would appear to be of con- 
siderable value as an early diagnostic sign of incipient nephritis. 

‘‘The urea of the blood has been found very valuable as a guide to 
the treatment of moderately severe cases of nephritis, since any change 
in the patient’s condition is quickly perceptible. 

‘*As a prognostic test the blood creatinin has been found of very 
great service, over 5 mg. to 100 c.c. having invariably proved fatal after 
the lapse of a comparatively short period of time. During the terminal 
stages of the disease the concentration of the creatinin gradually rises, 
reaching 15 to 30 mg. in most cases at death. 

‘(The determination of the carbon dioxid combining power of the 
blood plasma according to the method of Van Slyke is a valuable index 
to the acidosis of nephritis, from the viewpoint of both diagnosis and 


treatment.’’ 
We cite a table (Table 34) from Chase and Myers to show their 


analytical data. 
Gettler and George examined the blood of 600 nephritics. Their 


results are given in the following table: 


TABLE 35.—RANGE OF VALUES IN NEPHRITIS, TAKEN FROM 600 DETERMINATIONS. 


Non-protein nitrogen ..........++eeeeees From 40 to 460 mg. in 100 ec. of blood, 
Urea nitrogen ....... ce ccc eee reece ees From 20 to 375 mg. in 100 ¢.c. of blood. 
Creatinin: G.inch6464 se sawssesdsee rn eanees From 2 to 42 mg. in 100 cc. of blood. 
Uric Old G66eis eee eseilne es caGeneeks From 3 to 17 mg. in 100 c.c. of blood. 
Sugar .... ccc ccc cece cer eee cer eeeeceeees From 75 to 160 mg. in 100 ¢c.c. of blood. 


Alkali reserve ..... cc cece cette eee eens From 40 to 75 per cent. 
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From their work, they arrive at the following conclusions: 


1. All the waste nitrogen products, non-protein nitrogen, urea, 
creatinin and uric acid, are present in Increased amounts in cases of 
true nephritis, and generally, but not invariably, present in greater con- 
centration in the blood of those cases which are primarily considered as 
chronic interstitial nephritis (retention nephritis). This finding is in 
agreement with the results of practically all workers. 

2. The degree of retention (when taking into account the func- 
tional efficiency of the cardiac muscle) is a direct criterion of the severity 
of the lesion. 

3. They agree with Hopkins and Jonas that the sugar content in 
the blood is similarly increased in nephritis, and, at least in our cases, 
more marked in the patients suffering with the chronic parenchymatous 
form of the disease. 

4, The alkali reserve is a valuable index of the degree of acidosis 
present. In their table, it runs considerably lower in the interstitial 
type of the disease. They would suggest that particular attention be 
paid to cases with low alkali reserve, as it becomes an important factor 
in the early recognition of uremia. 

5. While they are not presenting figures, in attempting to corre- 
late the clinical findings with the postmortem picture, they agree with 
Frothingham that there is no definite lesion of nephritis referable to 
a certain clinical picture. In other words, all the clinical and laboratory 
evidence in a nephritic patient may point to a certain form of the 
disease, but the postmortem examination is often not in agreement with 
the diagnosis made during life. 


Frissel and Vogel made an effort to record graphically the course 
of renal function from the time of first observation to the time of death 
(see Fig. 50). 

The figures on uric acid and creatinin, except during the last two 
weeks of life, are too few to be of much statistical value. At this period 
they are uniformly high. The average shown by the curves of phenol- 
sulphonephthalein, non-protein and urea nitrogen, and the urea index 
seems to indicate a method which, if checked by a large number of ob- 
servations, might prove valuable in arriving at an average expectation of 
life for 4 given determination. 

The curves for the non-protein nitrogen and urea nitrogen show a 
rapid rise during the three months preceding death, while during the 
earlier months there is a tendency for the curves to maintain a constant 
level. The elevation at the fifth month which disturbs the symmetry 
of the curves is caused by a single case in which the values were so high 
that the averages were disproportionately raised. 

Mosenthal and Lewis found the relationship between tests of renal 
function and prognosis in nephritis to be very uncertain. The ex- 
trarenal factors, cerebral hemorrhage, myocardial insufficiency, inter- 
current infections, etc., have caused a fatal termination so often that 
greater emphasis must be placed on the physician’s clinical judgment 
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than on the interpretation of tests for renal function alone. In certain 
patients, degrees of impaired kidney activity are found which are ordi- 
narily considered incompatible with life. These cases as well as others 
which exhibit uremia with apparently fair functional kidney processes, 
go far to show that uremia and renal lesions are not entirely dependent 
one on the other. 

The most striking example of this kind in the series of Mosenthal and 
Lewis is a case with the diagnosis, polycystic kidneys. In December, 





Fig. 50.—CHART ON RENAL FUNCTION BASED ON 685 DETERMINATIONS. (Frissel 
and Vogel.) 


1914, the total non-protein nitrogen of the blood was 118 mg., the ex- 
cretion of phenolsulphonephthalein yielded only a faint trace in two 
hours (Ambard’s coefficient, if determined, would undoubtedly have 
been very high), and the test-meal showed a maximal impairment of 
function (maximal specific gravity, 1.011; variation from the highest 
to the lowest specific gravity, 1 degree; a night urine of 1,290 e.c.). 
Fifteen months later (March, 1916), the phenolsulphonephthalein and 
test-meal were unchanged, the blood nitrogen was 112 mg., and Am- 
bard’s constant 0.67. One and one-half years after tests which indi- 
cated an extreme impairment of renal function, he is working at his 
office every day. 

‘*A high non-protein nitrogen (above 90 mg.) or a high urea nitrogen 
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(of 65 mg. or higher) has been found to be the most reliable prognostic 
sign. Of eighteen such patients, fourteen died in the hospital or shortly 
after leaving it; of the other four patients, one is still in the hospital 
in a precarious condition, one is the case of polycystic kidney referred 
to above, one is a case of mercuric chlorid poisoning with recovery, 
and the last is a case of secondary contracted kidney who has followed 
therapeutic directions so closely that he may almost be said to have out- 
lived his day. It is clear to the physician coming in contact with these 
eases of nitrogenous retention that a sharp line can be drawn between 
those suffering with increased protein catabolism and those who are not. 
An example of this kind has been given in detail. This factor when 
present almost invariably foreshadows an unfavorable prognosis; a re- 
tention, on the other hand, not coupled with an abnormal degree of 
protein destruction, may do very well (as the case of polycystic kidney 
mentioned previously). In the earlier stages of nephritis, the nitrogen 
of the blood is very likely to lag behind the other tests and it has been 
shown how Ambard’s coefficient is more reliable under these circum- 
stances as a test of renal function. 

‘‘In nephritis, whether of the chronic diffuse or of primary con- 
tracted type, an Ambard’s coefficient of 0.20 or higher has usually been 
associated with a fatal issue within a few months at the most. Of 87 
patients with an index less than 0.2, 63 were traced and 15 died, 7 of 
uremia and 3 of cerebral hemorrhage. Of 36 patients with an index 
above 0.2, 30 were traced and 24 died, 12 of uremia, 9 of myocardial 
insufficiency, and 3 of cerebral hemorrhage. It is only to be expected 
that the patients with a higher Ambard’s coefficient should show a more 
unfavorable prognosis. However, here, as in the case of other functional 
tests, an infallible guide to prognosis is not demonstrated. The test- 
meal usually reaches a point of maximal intensity some time before 
the other tests. Uremia, or death from some other cause, may occur at 
these periods, and thus lend an aspect of greater prognostic importance 
to the test-meal than it actually possesses. It may be used as a valuable 
guide to prognosis in conjunction with the other procedures, but an 
opinion of maximal] imvairment of function should not be given without 
them. 

‘‘The phenolsulphonephthalein test in this series has yielded results 
which have not varied from those reported previously. An output of 
less than 10 per cent. has usually, but not invariably, warranted an 
utterly bad prognosis; occasional instances of death from uremia have 
taken place with an excretion of the drug in the neighborhood of 50 per 
cent.’’ (Mosenthal and Lewis.) 

Mosenthal and his co-workers recommend charting the results of 
the various tests and comparing them with the nitrogen intake as shown 
in the accompanying chart (Fig. 51). 

From their experiments, Mosenthal and Lewis draw the following 
conclusions : 

‘‘1, Such a graduation (as in the accompanying chart) calls to the 


attention of the clinician the relative degree of involvement as shown 
VOL. II.—22. 
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by different procedures. Inasmuch as each of them has a significance 
apart from the others, comparison according to this method is an ex- 
tremely valuable aid in the treatment and prognosis of diseases of the 
kidney. 

‘“O. The level of the non-protein and urea nitrogen of the blood 
must be estimated largely as the resultant of three factors—kidney 
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Fig. 51.—CHART FROM CASE OF SECONDARY CONTRACTED KIDNEY, INDICATING THE 
PROCESSES OF PROTEIN DESTRUCTION AND ASSIMILATION AND THEIR RELATION 
To Tests OF RENAL FUNCTION. 


efficiency, diet and protein destruction. In judging of prognosis, when 
these substances are high in the blood of nephritics, due regard must 
be given as to whether their accumulation is brought about by reten- 
tion alone or through retention coupled with protein destruction. The 
former offers a comparatively better prognosis than the latter. 

‘‘3. The coefficient of Ambard is a better method of determining 
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the ability of the kidney to excrete urea than the level of this sub- 
stance in the blood. 

‘‘4. The progress of renal disease is probably followed most minutely 
by means of the phenolsulphonephthalein excretion and Ambard’s co- 
efficient, as these tests furnish figures in which even small variations are 
of significance. 

‘‘5. The test-meal for renal function, of the tests employed, gives 
the earliest indication of diminished kidney efficiency. It likewise reaches 
the maximum degree of impairment before the others. 

‘6, Each test for renal function covers only a limited range of 
the kidney’s activities. It is, therefore, a mistake to speak of any test 
as measuring renal function as a whole. The aim should be to develop 
a proper interpretation of the old tests and easily applied new ones, 
in order to obtain a true guide to the treatment of diseases of the kidney.’’ 


Fitz investigated the renal functional capacity in diabetic patients. 
In the majority of cases the urea index tended to be normal or ab- 
normally high, due, in part, to the rapid rate of water elimination which 
characterized many of the cases. In six cases of fatal diabetic coma, 
the urea index was abnormally low. In diabetes the blood-plasma chlorid 
is usually lower than would be calculated from the chlorid excretion 
according to the formula of Ambard and Weill. 

Atchley after a very painstaking study of eight cases of acute 
nephritis comes to the conclusion, that ‘‘one must express the feeling 
that the investigation of this disease hus been hindered by an interest 
too closely restricted to the kidneys. <A broader study of the chemical 
balances of the body as a whole may demonstrate that the kidney is of 
secondary importance. ’’ 

CREATININ IN THE BLoop.—Lampert has made a study of the excre- 
tion of creatin and creatinin in diabetics and nephritics. He em- 
ployed the Autenrieth and Miiller method, and all patients were on a 
meat-free and bouillon-free diet during the periods of observation. In 
healthy adults, he found the daily average excretion of creatinin to be 
between 0.9 and 2.4 grams, the majority being between 1.2 and 1.5 
grams. Creatin was usually absent; when present, it was found only 
in traces (0.02 mg.). In diabeties, the values for creatinin were usu- 
ally lowered or at the lower limit of the normal. With few exceptions 
creatinin was found to an amount less than 1 gram, though in 
several cases 1 to 1.2 grams were found. In diabetes gravis with a high 
grade of acetonuria, creatin was practically always found in the urine, 
usually more than 0.2 gram (on two occasions 1 and 1.2 grams). In 
diabetes levis with traces of acetone, creatin was lacking in 2 cases or 
present only in small amount (less than 0.8 gram), In nephritis (5 
eases), the author found a decrease in creatinin constantly, even when 
there was a diuresis and only slight impairment of function. Creatin 
was found in only 1 case, in which there was marked renal insufficiency, 
and then only in small quantity (maximum 0.15 gram). Two cases 
of diabetes complicated by chronic interstitial nephritis were character- 
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ized by an especially low creatinin value. Low creatinin values were 
also observed in a case of cancer of the liver with cholemia; creatin was 
also present in small amount (0.1 gram or less). Lampert thinks it is 
plausible to attribute the large quantities of creatin found in the urine 
of diabetics with acidosis to a disturbance of metabolism and the dimin- 
ished output of creatinin in nephritics to renal insufficiency. The gen- 
erally accepted view that acidosis is the result of deficient oxidation of 
the acetone bodies suggests the idea that the increase in creatin is 
also due to a disturbance of intermediary metabolism. The findings in 
the nephritics suggest the use of this method in functional renal diag- 
nosis. 

Myers and Lough found that estimation of the creatinin of the blood 
in nephritis was valuable as a diagnostic and prognostic test. The in- 
erease of creatinin in the blood is considered a safer index of the de- 
creased permeability of the kidneys than that of urea or uric acid 
because creatinin on a meat-free diet is entirely endogenous in origin and 
its formation is very constant, whereas the formation of urea and uric 
acid is subject, even normally, to great fluctuations. In the authors’ 
63 cases the creatinin was estimated by a modified Folin method, oxalated 
and laked blood being saturated with picric acid, filtered, treated with 
sodium hydroxid, and then compared colorimetrically with a standard 
creatinin solution of known strength, to which the alkali has also been 
added. <A rise in the creatinin above 2.5 mgs. to 100 ¢.c. of blood was 
found to signify renal involvement almost invariably. Creatinin values 
of from 2.5 to 3 mgs. are to be viewed with suspicion; from 3 to 5 mgs. 
as decidedly unfavorable, and over 5 mgs. as probably indicating an 
early fatal termination. 

Orlovius found that creatinin excretion is retarded in pregnancy 
when the kidneys are affected. The more retarded the excretion the 
more extended is the pathological process in the kidneys. Pronounced 
retardation of the creatinin excretion may be of import in determining 
the indication for an interruption of pregnancy. 

For the determination of creatinin in the blood the following methods 
are used: , 

(a) Methods of Folin—Preformed Creatinin (Hawk).—Measure 10 
e.c. of blood into a 50 ¢.c, volumetric flask or, better, into a 50 ¢.c. shaking 
cylinder which can be closed with a glass stopper. Fill to the 50 ce. 
mark with saturated picric-acid solution and shake a few times. Add 
about 1 gram of dry picric acid to the mixture and shake for 5 min- 
utes. Transfer the mixture to centrifuge tubes, throw down the sedi- 
ment, and precipitate and pour the supernatant liquid through a filter. 
This is the most economical process where but little blood is available. 
If des.red, however, double quantities of blood and reagents may be 
taken and filtration carried out without preliminary centrifugation. This 
process removes the protein materials and leaves the creatin and creatinin 
in the filtrate which is a saturated picric-acid solution. Then determine 
the preformed creatinin colorimetrically. For this purpose a standard 
solution of creatinin is necessary for comparison. Prepare this from 
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the standard creatinin stock solution as used in the analysis of 
urine by diluting an amount of this solution equivalent to 1 mg. of 
ereatinin to 500 c.c. with saturated picric-acid solution. We have then 
a standard solution containing 0.2 mg. of creatin in 100 ¢.c. of saturated 
piecric-acid solution. 

Take 20 ¢c.c. portions each of the filtrate and of the standard solution. 
To each solution then add exactly 1 ¢.c. of 10 per cent. NaOH from a 
buret. (If the blood filtrate becomes turbid on addition of alkali it 
must be centrifuged or filtered.) Allow to stand for 10 minutes and 
compare the colors directly in the colorimeter without further dilution. 
The standard creatinin solution may be set advantageously at 20 mm., 
although this is not necessary. 

Calculattion.—Since the blood was diluted 5 times in the precipita- 
tion procedure and as the standard for comparison contains 0.2 mg. of 
creatinin per 100 e¢.c., it is merely necessary to divide the reading of 
the standard by the reading of the unknown to obtain, without further 
calculation, the number of milligrams of creatinin in the 100 «¢.c. of 
blood. 

(b) Creatin Plus Creatinin.—To determine the total creatin plus 
creatinin in the blood, carry out the preliminary precipitation with picric 
acid just as in the determination of creatinin above. Take 10 c.e. of 
this filtrate for the determination. Transfer it to a small Erlenmeyer 
flask or large test-tube. Cover the flask or test-tube with tin foil, trans- 
fer to an autoclave, and heat to about 120° C. for about 20 minutes. 
The autoclave should not be opened until the temperature has fallen 
below 100° C. Cool the solution to room temperature, rinse into a 
25 ¢.¢c. volumetric flask with saturated picric-acid solution. Add 1.25 
e.c. of 10 per cent. NaOH for the development of the color. 

On account of the variations in the creatin content of normal blood 
two standard creatinin solutions are used. In working on pathological 
cases a third standard is desirable. These standards contain (0.5, 1, 
and 2 mg. of creatinin respectively per 100 c¢.c. of saturated picric- 
acid solution. To 20 c.c. of each of these solutions in measuring cylin- 
ders add 1 c.c. of 10 per cent. NaOH and allow to stand for 10 min- 
utes. By inspection determine which standard corresponds most nearly 
in color with the unknown and use this for comparison. The standard 
is usually set at 10 mm. in the Duboscq colorimeter. 

Calculation.—Multiply the reading of the standard by 125 and by 
0.5, 1, or 2, according to which standard is used, and divide by the 
reading of the unknown in millimeters. The result gives the number 
of milligrams of creatin-creatinin in 100 ¢c.c. of the blood examined. 

Uric Acip IN THE BLoop.—Estimation of Uric Acid.—Using the 
Kuttner colorimeter, the method (reliable for clinical purposes) is 
as follows: Two standard color tubes are used. No. 1 equals 0.01 mg. 
urie acid, and No. 14 equals 0.005 mg. uric acid. The reagents needed 
are acetic acid 1 per cent., colloidal iron 5 per cent., a saturated solution 
of sodium acetate, a saturated solution of sodium carbonate, and the 
Folin-Macallum uric acid reagent. 
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The test can be performed with 1 c.c., 0.5 ¢.c. or less of fresh non- 
hemolized serum. It is measured with a pipet, transferred into a 
short wide mouth test-tube suitable for boiling, the pipet rinsed sev- 
eral times with water and the rinsings also added. It is then further 
diluted with water and reagents so that every c.c. of the dilution con- 
tains 0.1 ¢.c. of serum. One c.c. of serum is diluted at first with about 
five volumes of water; one drop of a 1 per cent. acetic acid solution and 
two drops of a saturated sodium acetate solution are added for every 
0.1 c.c. of serum used. This is boiled and the tube with contents is 
rapidly cooled by holding it in running tap water. The cooled mixture 
is poured into a graduated test-tube, a few drops of a 5 per cent. col- 
loidal iron solution added, shaken and made up to 10 e.c. with water. 
This is centrifuged or filtered. Of the clear filtrate or supernatant fluid, 
which should be colorless, enough is taken with a pipet and trans- 
ferred into the calibrated tube to reach the 50 mark. One drop of the 
uric acid reagent is added, then five drops of the saturated sodium 
carbonate solution, mixing well after each addition. The color should 
be allowed to develop for one minute and the estimation then made. For 
comparison two standard color tubes are used. No. 1 represents 10 mg. 
of uric acid per 100 c.c. of serum, that is, every ten divisions on the 
scale equal 1 mg. The second color standard called No. 4% represents 
5 mg. of uric acid or 1 mg. for every twenty divisions of the scale for 
100 c.c. of serum. 

When the solution in the calibrated tube is darker than standard 
color tube No. 1, this tube must be used for the comparison. After 
diluting drop by drop with water until the colors match, the height 
which the meniscus has reached on the scale is noted. This figure di- 
vided by 10 represents the number of milligrams of uric acid in 100 c.c. 
of serum. Using this tube with the meniscus reaching 75 on the scale, 
the computation is as follows: 

{% = 7.5 mg. uric acid per 100 c.e. 


Should the color be lighter than standard color tube No. 1, then tube 
No. 14% must be used, but the reading must be divided by 20, thus: 


4% = 7.5 mg. uric acid per 100 c.c. 


When the color is too light to be compared to the standard color 
tube No. 1%, indicating a very low amount of uric acid, 2 e¢.c. or 
more of the clear filtrate may be concentrated by boiling, but must be 
rapidly cooled, before the reagents are added, and compared with the 
standard, as already described, allowance being made for any additional 
quantity used by dividing by the proper factor. 

One to 3 mg. of uric acid in 100 c.c. are normally present in human 
serum. 

5. Acidosis in Renal Disease——The acidosis of chronic nephritis 
is the result of inefficient renal excretion. In uremia, acidosis is probably 
a very constant feature, but only in a small number of cases is it of suf- 
ficient grade to cause clinical symptoms similar to those seen in ad- 
vanced cases of diabetes. In cases of chronic nephritis of a mild type, 


KIDNEY FUNCTION TESTS 343 


where the phenolsulphonephthalein test shows normal renal function, 
there is, as a rule, little or no acidosis. Advanced cases of chronic 
nephritis in which the phenolsulphonephthalein output is moderately 
or extremely decreased may show an acidosis by the ‘‘alkali tolerance’’ 
test, but the alveolar carbon-dioxid tension may be diminished. Only 
in very advanced cases is the acidosis so marked as to cause a decrease 
in the alveolar carbon-dioxid tension. 

Marriott and Howland determined the inorganic phosphate in the 
serum of patients with acidosis occurring in nephritis. In every in- 
stance there was an increase in the phosphorus to many times the 
normal amount, that is, to from 8 to 23 mg. per 100 c.c. of blood. Simul- 
taneous determinations of the combined earbon dioxid of the serum 
showed that in certain instances the phosphoric acid was combined with 
twice as much of the available base as was carbonic acid, in striking 
contrast to the normal conditions in which the base combined with phos- 
phoric acid equals only from one-tenth to one-fifteenth of that combined 
with carbonic acid. The retention of acid phosphate (for approxi- 
mately 90 per cent. of the phosphate in an average urine is acid 
phosphate) would seem to be sufficient to account for the degree of 
acidosis observed. : 

Porges and Leimdorfer have investigated the carbon tension of the 
blood in kidney disease, and have found that it varies with the degree 
of renal function. 

To determine the degree of acidosis of a patient, the following 
methods may be used: 


(1) Determination of hydrogen-ion concentration of the blood. 
(2) Determination of the CO, tension of the blood. 
(3) Determination of the CO, tension of the alveolar air. 


(1) HyproGEn-IoN CONCENTRATION OF THE BLoop (Levy, Rowntree 
and Marriott).—Heretofore the indicator method has not proved of 
great value in the studies of hydrogen-ion concentration of the blood, 
although the reaction of inorganic solutions may be determined quite 
accurately by this means. Different indicators show their color changes 
at varying degrees of hydrogen-ion concentration; for example, the 
color of methyl orange changes from pink to yellow as the plI of its 
solution changes from 3 to 5. At intermediate points, various colors 
may be obtained and a certain color indicates a definite pH. Simi- 
larly, phenolphthalein changes from colorless to pink between pH8 and 
pH10 and can be used for the measurement of H-ion concentrations 
between these two points. In carrying out the indicator method, it 
is necessary to have a series of standard solutions of known pH and 
an indicator exhibiting easily distinguishable color changes at hydrogen- 
ion concentrations approximating that of the solution under considera- 
tion. It is then simply necessary to add equal amounts of indicator 
to the standard solutions and to the solution being tested and to de- 
termine which of the colors in the standard solutions most closely 
matches that of the unknown solution. 
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This method has been successfully used on the urine by Henderson 
and by Walpole. As proteins interfere with the colors of many indi- 
eators, and as both blood and serum possess color, it has been impossible 
to apply the method directly to the blood. It seemed probable that the 
indicator method might be utilized for blood, provided coloring mat- 
ters and proteins could be excluded by means of dialysis. If blood is 
dropped into collodion sacs and dialyzed for five minutes, the dialysate 
is free from proteins and coloring matter, but contains salts, and is 
well adapted to the use’of indicators. 

Since phenolsulphonephthalein exhibits definite variations in quality 
of color, with very minute differences in hydrogen-ion concentration 
between pH6.4 and 8.4, it was adopted as the indicator in this method. 

Preparation of Standard Colors.—Standard phosphate mixtures are 
prepared according to Sorensen’s directions as follows: 

1/15 mol. acid or primary potassium phosphate. 9.078 grams of 
the pure recrystallized salt (KH,PO,) is dissolved in freshly distilled 
water and made up to 1] liter. 

1/15 mol. alkaline or secondary sodium phosphate. The pure re- 
crystallized salt (Na,HPO,.12H.O) is exposed to the air from 10 days 
to 2 weeks, and protected from dust. Ten molecules of water of erys- 
tallization are given off and a salt of the formula Na2HPO,.2H.0 is ob- 
tained ; 11.876 grams of this are dissolved in freshly distilled water and 
made up to 1 liter. The solution should give a deep rose-red color 
with phenolphthalein. If only a faint pink color is obtained, the salt 
is not sufficiently pure. 

The solutions are mixed in the proportions indicated below to obtain 
the desired pli: 


PREPARATION OF SOLUTIONS 


evecemmee | cueemenme ) omeeeee | come | queen 9 een | come | eet | creresmmme 9 cero | eer | cee | ceeeremennee | eres fl cones 


meweeee | seeeges | come Jemeceeen | ane | ees | qeese | eeeeeee | eee | cece f eee | capes | come | acme | eee 


Primary Potas. Phos., c.c.{ 78 |63 61 137 | 82 127 | 28 |19 | 15.8)13.2]11.0) 8.8] 5.6] 3.2] 2.0 


oom | meena | cos | eee | eomeeree | qeseeee | cmmmevemee | eee | re | eee | cr | cee | ene | | cee 


Sec'dary Sodi’m Phos., c.c.| 27 1387 | 49 |63 | 68 |73 | 77 /81 | 84.2/86.8/89.0 isabel ese 96.8 |98.0 


Three c.c. of each of the solutions are placed in suitable small test- 
tubes (100 x 10 mm., inside measurement). Five drops of an aqueous 
0.01 per cent. solution of phenolsulphonephthalein are added to each 
tube. The tops are sealed off. The series of colors, representing differ- 
ent concentrations of hydrogen-ions, constitute the standards for com- 
parison of color in carrying out the determination. 

Preparation of Sacs—One ounce of ecollodion (Anthony’s negative 
eotton) should be dissolved in 500 c.c. of a mixture of equal quanti- 
ties of ether and ethyl alcohol, with occasional gentle shaking; a small 
amount of brown sediment appears at first. The solution should stand 
for at least 3 or 4 days, after which the clear supernatant liquid is 
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ready for use. A small test-tube (120x9 mm. inside measurement) 
is filled with this mixture, inverted, and half the contents poured out. 
The tube is then righted, and the collodion allowed to fill the lower 
half again. A second time it is inverted and rotated on its vertical 
axis, the collodion being drained off. Care must be taken to rotate 
the tube, in order to secure a uniform thickness throughout. The tube 
is clamped in the inverted position and allowed to stand for 10 minutes, 
until the odor of ether finally disappears. It is then filled 5 or 6 times 
with cold water, or soaked 5 minutes in cold water. A knife blade 
is run around the upper rim to loosen the sac and a few ec.c. of water 
run down between the sac and the tube. By gentle pulling, the tube 
is extracted, after which it is preserved by complete immersion in 
water. 

The Salt Solution Used in the Method.—The blood or serum is dia- 
lyzed against an 0.8 per cent. sodium-chlorid solution. 

Before applying the test, it is necessary to ascertain that the solu- 
tion is free from acids other than carbonic. To determine this, a few 
e.c. of the salt solution are placed in a Jena test-tube and 1 or 2 drops 
of the indicator added, whereupon a yellow color appears. On boiling, 
carbon dioxid is expelled, and the solution loses its lemon color and 
takes on a slightly brownish tint. In the absence of this change, other 
acids are present, and the salt solution is therefore not suitable. If, 
on the other hand, on adding the indicator, pink at once appears, the 
solution is alkaline and hence cannot be used. 

Technic of Method.—The work must be done in a room free from 
fumes of acids or ammonia. 

A needle is inserted into a vein and blood drawn with as little 
loss of CO, as possible. This is accomplished by drawing it under 
paraffin oil or by a specially devised tube. The tourniquet should be 
applied just before inserting the needle. 

Approximately 3 ¢.c. of blood is run, by means of a blunt-pointed 
pipet, into a dialyzing sac, which has been washed inside and outside, 
with normal (0.8 per cent.) salt solution, and which has been tested 
for leaks by filling with the salt solution. The sac is lowered into a 
glass tube of 100 by 10 mm. inside measurements, containing 3 c.c. of 
the salt solution, and kept there until the fluid on the outside of the 
sac is as high as it is on the inside. From 5 to 10 minutes are al- 
lowed for dialysis. The collodion sac is then removed and .2 c.c. of the 
.01 per cent. phenolsulphonephthalein indicator solution thoroughly 
mixed with the dialysate. The tube is then compared with the series of 
standards until the corresponding color is found, which indicates the 
hydrogen-ion concentration present in the dialysate. 

Comparison of Tubes with Standurds.—For this, a good light (nat- 
ural or artificial) and the white glass background of the examination 
box are requisites. Readings must be made immediately after the dialy- 
zation. The two tubes most nearly approximating the color of the speci- 
men are selected and one placed on each side of the specimen. These 
are critically inspected against the white background. If the relative 
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position of the tubes is changed, the differences in the colors are made 
more apparent at times. 

(2) Van SLYKE METHOD FOR THE DETERMINATION OF THE CARBON- 
DIOXID COMBINING POWER OF BLOop-PLASMA.—Having centrifuged the 
fresh oxalated blood, pipet off the clear plasma and place in a separa- 
tory funnel of about 300 e.c. capacity. Slight hemolysis does not 
affect results appreciably, but hemolysis should be avoided as much as 
possible by immediate centrifugalization. In order to determine its 
alkaline reserve, saturate the plasma with carbon dioxid at alveolar 
tension. In other words, the operator blows vigorously through a bottle 
containing glass beads into the separatory funnel. If one blows directly 
into the separatory funnel, enough moisture condenses on the walls of 
the funnel to appreciably dilute the plasma. Close the funnel at the stop- 
cock just before the stream of breath stops, and shake for one minute 
in such a manner that the plasma is distributed as completely as pos- 
sible about the walls. After the shaking has lasted a minute, blow a 
fresh portion of the alveolar air through the beads into the funnel and 
shake for one minute. 

The CO, apparatus (Fig. 52) is held in a strong clamp, W, which 
is lined with rubber, and the lower stop-cock is supported by an iron 
rod, which is also covered with soft rubber tubing. The apparatus is 
completely filled with mercury. Care should be taken that capillaries 
A and F, which are above the upper stop-cock, are also filled with mer- 
cury. There should be no air bubbles within the apparatus. Six drop- 
ping bottles, which contain the following solutions, should be at hand: 


Distilled water. 

Phenolphthalein (1 per cent. in 95 per cent. alcohol). 
Normal ammonium hydroxid. 

Caprylic alcohol. 

Normal sulphuric acid. 

Mercury. 


SiS eo het 


The mercury leveling bulb, H, should be hung by wire, I, on ex- 
tension, N, about on the level with the lower cock, J. The apparatus 
must be thoroughly clean before the determination is started. The 
apparatus can be tested by allowing the mercury to run down and then 
forcing it up by raising and lowering bulb, H. The air is forced 
out and the mercury is caught in a bottle. (This is done until there 
is not a single air bubble in the apparatus.) Add 1 drop of phenol- 
phthalein to the upper cup, B, and a drop or two of the ammonium 
hydroxid. Now dilute this with about % c.c. of distilled water and 
draw off all except about 2 drops of the alkaline solution. 

Now introduce 1 ¢.c. of the saturated plasma into the cup and allow 
it to fow under the alkaline solution, so that none of the carbon dioxid 
escapes. Turn stop-cock, C, so that E and Z are connected, and allow 
the plasma to run in until capillary, F, is exactly filled. Add 0.5 cc of 
distilled water to cup, B, and then allow to run down to capillary, F. 
Repeat this, taking care that no air enters the apparatus with the liquid. 
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Fie, 52.—Van SLYKE CARBON Dioxip APPARATUS. (Blaivas Modification.) 
(From ‘‘ Newer Methods of Blood and Urine Chemistry,’’ Gradwohl and Blaivas, 
C. V. Mosby Co.) 





Now admit into capillary, F, 1 drop of caprylic alcohol to prevent foam- 
ing, and pour about 1.5 c.c. N/10 sulphuric acid into the cup. Admit 
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enough of the acid into the apparatus, carrying the caprylic alcohol 
along with it, so that the total volume in the apparatus is exactly 2.5 c.¢. 
Draw off the excess sulphuric acid. Now place a few drops of mer- 
cury in cup, B, and allow to flow down to capillary, F, m order 
to seal the latter and make it capable of holding an absolute vacuum. 
During this whole operation, the lower stop-cock, J, should remain open, 
and when the apparatus is set up, it should be in such adjustment that, 
if the wire, I, which is connected to bulb, H, is lowered to hook, O, the 
mercury will run to the mark, X, on the figure, care being taken that 
the mercury will not run into fork, Y. Place wire, I, on hook, O, and 
allow the mercury to fall until the meniscus of the mercury has dropped 
to the 50 c.c. mark on the apparatus. This is controlled by stop-cock, J. 
The bubbles of CO, are now seen escaping. 

In order to completely extract the carbon dioxid, remove the ap- 
paratus from the clamp and shake by turning it upside down about a 
dozen times. (The thumb should be placed over cup, B, so as not to 
lose any of the mercury.) Then replace the apparatus, the mercury 
leveling bulb, H, still being at the lower level, O, and allow the solution 
to flow into the small bulb below the lower stop-cock (right side). 
Drain the solution out of the portion of the apparatus above the stop- 
cock, J, as completely as possible, but without removing any of the gas 
(the last drop being allowed to remain above). Now raise the mer- 
eury bulb, H, in the left hand, and with the right hand immediately turn 
the lower stop-cock, J, so that the mercury is admitted to the upper 
part of the apparatus through the left-hand entrance of the stop-cock 
without readmitting the watery solution. Hold the leveling bulb, H, 
beside the apparatus so that its mercury level corresponds to that in 
the apparatus, and the gas in the latter is under atmospheric pres- 
sure. A few hundredths of a c.c. of water will float on the mercury in 
the apparatus, but this may be disregarded in leveling. The calcula- 
tion of the result into terms of volume percentage of carbon dioxid, 
bound as carbonate by the plasma, is quite complicated and we con- 
sequently use the direct reading from the apparatus, minus .12. 

Plasma of normal adults yields 0.65 c.c. to 0.90 ¢.c. of gas, which is 
the direct reading on the apparatus. If .12 were subtracted, the normal 
figures would be 53 to 78 in terms of volume per cent. of carbon dioxid 
chemically bound by the plasma. Figures lower than 50 per cent. in 
adults indicate acidosis. The exact calculation of the result into terms 
of carbon dioxid bound as carbonate by the plasma is quite compli- 
eated, and consequently the worker is advised to subtract 0.12 from his 
reading on the apparatus. The result thus obtained gives approximately 
(within 2 to 3 per cent.) the volume per cent. of carbon dioxid bound 
by the plasma. 

Example.—Reading on the Van Slyke apparatus is 0.74 minus 0.12, 
which equals 0.62 per cent. of carbon dioxid bound by 1 e.c. of plasma. 
For 100 c.c. of plasma multiply 0.62 per cent. by 100, which equals 
62 per cent. (normal). 

(3) DETERMINATION OF ALVEOLAR CARBON-DIOXID TENSION (Marriott). 
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—Collection of Alveolar Aur.—The method of collection is essentially 
that of Plesch, as modified by Higgins. A rubber bag of approximately 
1,500 ¢.c. capacity is connected by means of a short rubber tube to a 
glass mouthpiece. About 600 c.c. of air are blown into the bag with 
an atomizer bulb, and the rubber tube clamped off by a pinchcock. The 
subject should be at rest and breathing naturally. At the end of a 
normal expiration, the subject takes the tube in his mouth; the pinch- 
cock is released and the subject’s nose closed by the observer. The 
subject breathes back and forth from the bag four times in twenty sec- 
onds, emptying the bag at each inspiration. The observer should indi- 
cate when to breathe in and out. Breathing more frequently will not 
greatly alter the results. At the end of twenty seconds, the tube is 
clamped off and the air analyzed. The analysis should be carried out 
within 3 minutes’ time, as carbon dioxid rapidly escapes through rubber. 

The foregoing procedure applies to patients who are capable of co- 
operating to some extent. In the case of comatose patients, the initial 
amount of air in the rubber bag must be greater (1,000 ec.c. at least), 
and the period of rebreathing prolonged to 30 seconds. This is neces- 
sary, as it is not feasible that the bag be completely empty of air at 
each inspiration ; and therefore a longer time is required for the carbon- 
dioxid tension in the bag and in the lungs to become equal. The initial 
amount of air in the bag should be such that it is at least one-half and 
preferably as much as two-thirds emptied at each inspiration. Since 
comatose patients cannot hold the mouthpiece, some form of mask is 
necessary. This may be a gas anesthetic mask or such a device as de- 
scribed below for use with infants. 

A special mask has been devised for the collection of alveolar air 
from infants. It is made from the nipple of a wide-mouth (Ilygeia) 
nursing bottle and a piece of thin rubber tissue (dental dam). A sheet 
of the tissue (8 by 10 inches) is perforated in the center by a piece 
of hot metal or glass tubing of large bore. The whole is stretched and 
pulled over the nipple and slipped down to the lower rim. A small 
amount of rubber cement is applied to hold the tissue and nipple to- 
gether. <A strip of adhesive plaster three-eighths inch wide is applied 
around the rim of the nipple so as to overlap the rubber tissue and 
hold it firmly in place. The extreme tip of the nipple is cut off and a 
short glass tube, three-eighths inch in diameter, inserted. 

‘‘In making a collection of alveolar air from infants a rubber bag 
of 500 ¢.c. capacity is connected with the mask and partially filled 
with air by means of an inspirator bulb. The neck of the bag is closed 
off by a pinchcock or with the fingers, the mask placed over the nose 
and mouth of the infant and the rubber tissue closely drawn around 
the face, so as to prevent the escape of air. The mask should, if pos- 
sible, be placed over the face just at the end of expiration. Respira- 
tions are allowed to continue for from 28 to 382 seconds, and at the 
end of an expiration, the neck of the bag is closed off and the mask 
removed from the face. We have found that it is necessary that the 
infant should be breathing quietly for one minute previous to the 
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collection of the air sample, as vigorous crying, just before the mask 
is put on, leads to a lowering of the carbon-dioxid tension, as de- 
termined, by several millimeters. Crying during the collection of the 
sample almost invariably occurs and facilitates mixing of the gases. 
The effect is to raise the tension somewhat if crying is very vigorous, 
but not to such an extent as to be significant. The initial amount of 
air in the bag must be such that during inspiration the bag is from 
one-half to two-thirds empty, but never completely collapsed. The 
amount of air required for infants under 1 year of age varies from 
250 c.c. to 400 e.c.’’ (Marriott.) 

The mask described above for use with infants may be very con- 
veniently used for the collection of alveolar air samples from dogs. 
The animal’s nose is inserted into the mask and the rubber tissue 
drawn closely around the muzzle. The time of a collection need not 
exceed 25 seconds. 

For analysis of the air samples, the apparatus required comprises 
8 test-tubes, containing standard phosphate solutions; a standard bi- 
earbonate solution; a small test-tube; a glass tube or pipet drawn 
out to a capillary point, and a box of color comparison. 

Principle of the Method of Analysts —The method depends upon the 
fact that if a current of air, containing carbon dioxid, is passed through 
a solution of sodium carbonate or bicarbonate until the solution 1s 
saturated, the final solution will contain sodium bicarbonate and dis- 
solved carbon dioxid. The reaction of such a solution will depend 
upon the relative amounts of the alkaline bicarbonate and the acid- 
carbon-dioxid present. This, in turn, will depend upon the tension of 
carbon dioxid in the air with which the mixture has been saturated 
and will be independent of the volume of air blown through, provided 
saturation has once been attained. High tensions of carbon dioxid 
change the reaction of the solution toward the acid side. Low tensions 
have the reverse effect; hence the reaction of such a solution is a 
measure of the tension of carbon dioxid in the air with which it has 
been saturated. 

The reaction of such a solution may be determined by adding to it 
an indicator, such as phenolsulphonephthalein, which shows, over a con- 
siderable range of reaction, definite color changes. A certain color in- 
dicates a certain reaction. 

Solutions of a given reaction may be prepared by mixing acid and 
alkaline phosphates in definite proportions. Such solutions can be kept 
unaltered for long periods of time and may be used as standards for 
comparison. 

Preparation of Standard Phosphate Solutions.—Fifteenth molecular 
acid potassium phosphate: Of the pure, recrystallized salt (KH.PO,), 
9,078 grams are dissolved in distilled water, 200 c.c. of 0.01 per cent. 
phenolsulphonephthalein solution are added, and the whole is made up 
to 1 liter. 

Fifteenth molecular alkaline sodium phosphate: The pure, recrys- 
tallized salt (Na,HPO,.12H,O) is exposed to the air for from 10 days 
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to 2 weeks, and protected from dust. Ten molecules of water of crys- 
tallization are given off and a salt of the formula Na.HPO,.2H,0 is 
obtained. Of this salt, 11.676 grams are dissolved in water, 200 c.c. 
of 0.01 per cent. phenolsulphonephthalein solution are added, and the 
whole is made up to 1 liter. The solutions are mixed in the pro- 
portions indicated in the table. 


PROPORTIONS IN WHICH SOLUTIONS ARE MIXED 





eee | emanseenee | emma | ennemrenesee | emanate | openemeemeremtremeee | epenseetame 


Acid Potassium Phosphate, 
Ci Giarreeeeniiwewes -...e 17.8 | 25.2 | 31.0 | 35.7 | 40.5 | 45.0 | 47.0 | 40.2 
Alkaline Sodium Phosphate, 

0 


C.0s Bede Sees Rew Eee eRe 88.2 | 74.8 | 69.0 | 64.3 | 59.5 | 55, 53.0 | 49.8 


The solutions thus made are put into small test-tubes (a convenient 
size is 10 by 75 mm.) and stoppered or sealed off. These standard 
tubes should be kept in a dark place when not in use. 

The standard bicarbonate solution is prepared either by weighing 
out 0.530 gram of desiccated sodium carbonate or by measuring ac- 
curately 100 e.c. of tenth normal sodium hydroxid into a 1 liter vol- 
umetric flask. Two hundred c.c. of 0.01 per cent. phenolsulphonephtha- 
lein are added, and the whole is brought up to the mark with distilled 
water. Carbon dioxid from a cylinder or from the lungs may be passed 
through this solution to convert the alkali into bicarbonate, or the solu- 
tion may simply be used as it is, as the alveolar air that will be blown 
through the solution subsequently will accomplish the same purpose. 

The comparison with the standard colors is conveniently made with 
a box similar to that used with the Sahli hemoglobinometer, but con- 
taining 3 instead of 2 holes, It is a small, flat box of blackened metal, 
550 by 45 by 20 mm., backed with opal glass and with 3 slits on the 
front. By the use of this device, slight color changes may be easily 
detected, and the temperature of the tubes is not raised by the heat of the 
hands. In addition, the whole device, with tubes, may be immersed in 
water at a given temperature. 

All of the standard solutions used in this method should be kept in 
glass which does not readily give off alkali, that 1s to say, such a glass as 
‘* Jena,’’ ‘‘Non-sol’’ or ‘‘Pyrex.’’ A small amount of toluene or thymol 
added to each solution serves to prevent the growth of molds. 

Technic of the Method of Analysis—In analyzing a sample of air, 
about 2 or 3 c.c. of the standard bicarbonate solution are poured into 
a clean test-tube of the same diameter as the tubes containing standard 
phosphate solutions, but from 100 to 150 mm. long. Air from the 
bag is then blown through the solution by means of a glass tube drawn 
out to a fine capillary point, until the solution is saturated, as shown 
by the fact that no further color change occurs. The tube is stoppered 
and the color immediately compared with that in the standard tubes. 
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In comparing, one can readily read to millimeters. Color changes are 
not quite so sharp above 35 mm. as at the lower end of the scale, but 
here changes are of less significance. In making the color comparisons, 
the solution being compared is placed between the two standards which 
it most nearly matches. When there is doubt as to whether the color of 
the solution is higher or lower than one of the standards, changing the 
order in which the tubes are placed in the comparison box will generally 
make the relationships clear. 
The standard solutions described are so prepared as to give correct 
results when the determination is carried out at a temperature of 
from 20° to 25° C. (from 68° to 77° F.). When the room temperature 
is considerably higher or lower than these points it is advisable to 
immerse the tubes in water at approximately 25° C. during the blow- 
ing. They may be removed from the water for the color comparison, 
however, provided this is quickly made. The differences due to the 
ranges of temperature occurring under ordinary circumstances are prac- 
tically negligible. 

No correction for barometric pressure is required, as, from the nature 
of the determination, barometric fluctuations are self-corrective. Varia- 
tions in the temperature of the subject are never great enough to affect 
the value as much as 1 mm., and therefore may be neglected. 

6. Indicanemia as a Sign of Renal Disease.—Tschertkoff studied 
the indican of the blood in kidney affections. Irrespective of the nature 
of the diet, urea retention or indican is never encountered in the serum 
of healthy or diseased individuals without renal insufficiency. In 
nephropaths who have considerable urea retention in their serum, 
indicanemia is a regular occurrence. In the presence of a urea content 
of about 1.5 per mille, indicanemia was never missing. In chronic 
nephritides indicanemia and urea retention of 1.5 per mille are unfavor- 
able symptoms, indicating grave renal alterations. Indicanemia is the 
only sign of renal insufficiency in those cases in which acetonemia has 
attained a normal degree through alimentary influences. 

Dorner studied the indican of the blood and other body fluids in 
nephritics with uremic symptoms and in other patients with convulsions, 
following the suggestion of Obermeyer and Papper, who believed they 
had established the fact that a marked increase of the pigment in the 
blood is practically diagnostic of uremia. The technic was as follows: 
10 to 20 e.c. of blood obtained by venesection or syringe were precipi- 
tated with 5 times the volume of 95 per cent. alcohol, and filtered. The 
filtrate was evaporated and the residue taken up in water. This was 
precipitated by the addition of 2 to 3 drops of lead acetate solution, 
filtered and made up to 10 cc. by the addition of water. A like amount 
of Obermeyer’s solution was then added. The mixture was shaken in 
a water-bath with 1 ¢.c. of chloroform. A more or less intense blue 
color in the chloroform indicates a positive test. Dorner studied 26 
patients; 7 of these had well-marked uremic symptoms and 2 suspected 

uremia. His conclusions were: (1) The presence of indican in the 
blood in large quantity is characteristic of outspoken uremia. (2) When 
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indican is present in the blood in considerable amount it is also found 
in the pleural exudate and anasarca fluid, but not in the spinal fluid. 
(3) No toxie effect can be attributed to the indican in uremia. 
Rosenberg has been studying to determine the extreme limit of 
normal indicanemia, and tabulates the figures found in 40 healthy persons 
or patients with apparently sound kidneys, in 32 with kidney disease 
but no uremia, and in 29 with urea in the blood up to 1.5 per cent., 
1,000. Jolles’s test is too delicate to be dependable, but the Obermeyer- 
Tschertkoff test begins to give a positive response at just about the point 
where the high indican content of the blood corresponds to actual 


insufficiency on the part of the kidneys. 
IV. Urea CoNnTENT OF THE CEREBROSPINAL FLUID 


Soper and Granat studied 29 cases of nephritis and 56 cases of non- 
kidney disease with regard to the urea content of the cerebrospinal 
fluid. They concluded that a urea content of more than 0.2 per cent. 
points to severe uremia and a rapid, fata] termination; a urea content of 
0.1 to 0.2 per cent. is of grave prognostic import and may be followed 
by uremia; below 0.1 per cent. no significance can be attached to the 
findings. 

Canti studied the urea content of the cerebrospinal fluid with the 
following results: Examinations of the spinal fluid, both antemortem 
and postmortem, from a considerable number of cases with and without 
uremia gave some valuable facts upon which to base prognosis. The 
normal urea content of the spinal fluid was found to he below 0.05 
per cent., as determined by the hypobromite method. Among the 
clinical cases of uremia, all those showing a high urea content in the 
spinal fluid were fatal. Most of those with low urea content survived, 
and in several the diagnosis was found to have been erroneous. Among 
cases not clinically classed as uremic there were two groups, one having 
a high urea content and being complicated with disease other than 
renal, which masked the signs suggestive of uremia; the second, those 
with a low urea content, although not cases of uremia, included many 
different forms of disease, showing that a high urea content is usually 
absent in the presence of uremia. A certain proportion of uncompen- 
sated cardiac cases were diagnosed as uremia but they revealed low urea 
content. The treatment of such cases along lines adapted to uremia 
was not well tolerated, but treatment directed to the heart gave good 


results, 
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ETIOLOGY 


PREDISPOSING CAUSES 


The cause of tuberculosis is the tubercle bacillus, but this in itself, 
in the majority of cases, fails to produce disease. As will be shown, the 
vast majority of the human race harbor bacilli somewhere in their 
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bodies; but, fortunately, in a much smaller percentage of individuals 
do we find symptoms of disease. What is the cause of this? Why do 
some persons carry the bacilli in their bodies for many years and never 
know that they are infected? Why do other persons develop disease 
from practically the same infection that in others remains localized? 
Why do only 10 per cent. die of tuberculosis when 90 per cent. or more 
are infected? The answer to these questions must be found largely in 
the nature of the host, in that vague something which we speak of as 
‘“‘resistance.’’ There must be some etiological factors at work which 
so alter this resistance that the omnipresent tubercle bacillus can break 
loose from its primary investment and become disseminated to other 
parts of the body and cause disease. These factors or conditions are 
what we speak of as predisposing causes. It must be clearly understood 
that these causes do not influence the occurrence of infection, but are 
important in transforming this infection into definite clinical disease. 
In general, we may state that neither the exciting cause, the bacillus, 
nor the predisposing causes, which will be discussed, can alone produce 
disease, but a combination of the two must be present in suitable relation- 
ship and at an opportune moment for the production of tuberculosis as 
a clinical malady. 

Climate.—The view that low, damp climates are productive of tuber- 
culosis, and that high, dry localities are free from it, must be modified 
by more recent knowledge. No climate gives exemption from this disease, 
but in certain localities it seems more prevalent than in others. The 
hot and damp climates of the tropics, probably from their general 
debilitating effects, seem to be favorable for the development of this 
disease. The cold, damp winds and fogs, which are prevalent along 
the Atlantic coast, probably favor respiratory disease, and so may act 
as a predisposing cause to tuberculous disease. Statistics from Switzer- 
land for the years 1904 to 1908 show that in the lower altitudes of that 
country the mortality 1s greater than in the higher, and that in the 
highest regions—1200 meters and over—the mortality rate is lowest. 
Here many extraneous circumstances are operative, as, for example, the 
fact that the larger centers of population are located in the lower altitudes. 

Seasons.—The season of the year probably is of no direct etiological 
importance in the development of tuberculosis. In health resorts, how- 
ever, there is always a noticeable increase in the number of new cases 
in the month or two following the change from winter to summer. The 
acute respiratory infections which occur during the late autumn and 
early spring are probably a factor of this increase, the development of 
tuberculosis of the lungs frequently dating from one of these infections, 
and another is the lack of fresh air which winter entails. There seems 
to be some slight increase in the mortality rate during the months of 
March, April and May, at least in the northern parts of this country. 

Sex.—Sex has no direct influence on the development of tuberculosis 
and both sexes are about equally affected. There are, however, certain 
extraneous factors connected with the life of the two sexes which may 
play a part in predisposition. The male leads a more strenuous life 
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than the female; he has more financial responsibility and is exposed 
to greater physical strain. The habits of the male are also apt to be 
more lax, and alcoholic and sexual excesses are more common. The 
female, on the other hand, has to combat the influence of the sexual 
function. Tuberculosis is said to make its appearance at the time of 
puberty in girls and at the climacteric in women, but such has not been 
true in our experience. The influence of pregnancy will be discussed 
further on, and here we will state only that this is one of the most im- 
portant factors in the development of tuberculosis in the female. 

Age.—Pulmonary tuberculosis is essentially a disease of young adult 
life, the age period between twenty and forty showing by far the greatest 
incidence of this disease. It is not common in children under fifteen 
years of age. At this age tuberculosis, if acute, is apt to assume the 
miliary or meningeal form, and if more chronic tends to be localized to 
glands, bones or joints. It is, however, now recognized as occurring 
more frequently than was supposed a few years ago. After forty years 
of age the morbidity of tuberculosis is much lower than before this age, 
and the disease tends to assume a more chronic course. This age inci- 
dence corresponds closely to the period of stress during which men, in 
particular, are striving to make their place in life and women are busy 
with the home and family. These factors probably have a great deal to 
do with the marked incidence of tuberculosis among young adults. 

Race.—The aborigines of North America, of Central Asia and Cen- 
tral Africa, and the Eskimos were free from tuberculosis as long as 
they lived in their native surroundings and were not brought into 
contact with the white men. Once, however, tuberculosis was introduced 
into their midst by the white men, they developed an acute form of the 
disease which was rapidly fatal and which has in many instances been 
largely responsible for the almost complete disappearance of some 
races. Their freedom from tuberculosis in their native state must be 
looked upon as due to a lack of opportunity for infection rather than to 
any racial immunity, for once the infection is introduced they develop 
an acute and fatal form of the disease, the more common chronic form 
being practically unknown. We must also consider this acute develop- 
ment after infection as due to a lack of acquaintance with the bacilli, 
as we shall learn that slight childhood infections confer a certain 
immunity to later implantation of the bacilli. Whether the slight 
infections which are so common in civilized life will, when continued 
through generations, cause alterations in the tissues, so that a tendency 
to more chronic disease is gradually developed, or whether this must be 
produced in every person during the early years of his own life, is not 
yet definitely decided. At present all that can be said is that no race 
shows an immunity to infection if the opportunities for such infection 
are at hand. 

Heredity.—The possibility of an hereditary transmission of infec- 
tion will be discussed later. What influence has heredity on the pre- 
disposition to infection or disease? After tuberculosis was found to 
be caused by a germ and it became known that direct transmission of 


case with some hereditary characteristics. The incidence of tuber- 
culosis in some families, occurring as it does in several succeeding 
generations, or in several children of tuberculous parents, gave some 
apparent support for this theory. We now recognize that in families 
where there is tuberculosis the opportunities for infection are greater 
than in healthy families, and much of the so-called family tuberculosis 
is due to this greater chance of infection. Fishberg (New York City) 
has shown by the tuberculin test that at four years of age 69 per cent. 
of children of tuberculous parents reacted positively, while only 41 per 
cent. of children of non-tuberculous parents gave positive tests, and that 
at fourteen years the figures were 84 per cent. against 75 per cent., proving 
that the chances of early infection are greater where one or the other 
parent is tuberculous. His figures also show that when the children 
begin to get away from their homes the offspring of non-tuberculous 
parents gradually approach in rate of infection, but do not quite over- 
take, in rate of infection, those with more chance of home infection. 
These figures do not, however, prove any predisposition, but only an 
increased opportunity. No such predisposition as an inherited family 
characteristic has been proved. Animal experimentation does not indi- 
cate that the offspring of tuberculous parents show any different re- 
actions to infection than do the offspring of healthy stock. It is logical 
to hold, and is undoubtedly true, that children born of parents who are 
weakened by tuberculosis will themselves be weak, but no specific 
liability to tuberculosis has been proved. Rather is it a general weakness 
which prepares the soil for any infection or disease. Some writers even 
go to the other extreme and consider that the children of parents who 
have been cured of tuberculosis inherit a specific immunity to infection 
and disease. This statement cannot be accepted in toto without further 
proof. 

Another theory advanced is that in families in which tuberculosis 
has occurred in several generations the disease tends to assume a more 
chronic form in the later generations. Still another point in heredity 
has been described by Turban and later corroborated by other writers. 
This is a tendency for the same area of the lung to be diseased in several 
members of the same family. This inherited locus minoris resistentie 
is interesting and worthy of note. Repeated intermarriage of relatives, 
with consequent debility of the offspring, has been held to be a cause 
of isolated tuberculosis. This has been found in some settlements 
where intermarriage is the rule, but other factors probably play a larger 
part. 

Individual Susceptibility—Individuals vary greatly in their re- 
sponse to infection. This variation in the host is one of the most im- 
portant factors in tuberculosis and is, up to the present, so shrouded 
in obscurity that no statement can be made about it except that it does 
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exist and must be recognized. It is a most essential element in prognosis 
and, unfortunately, we have no means of calculating it. In many cases 
disease develops from infection, for no recognizable reason, and we are 
driven back to the statement that it did so because the person was 
susceptible or lacked resistance, terms which imply our lack of knowledge. 
Recognizing that tuberculosis as a disease is the resultant of the reaction 
between the bacilli and the patient’s system, we must see that the 
individual, with his immunity or susceptibility, is of at least equal im- 
portance with the infection. 

Social Conditions.—City versus Country.—The mortality statis- 
tics for most countries show a much higher mortality rate for city dwellers 
than for those who live in rural surroundings. On the other hand, it is 
a very common experience to find that tuberculosis is likely to be more 
acute among farmers and country dwellers. These statements can be 
explained only by the assumption that the morbidity is greater in cities 
because of the more numerous opportunities for infection, but that the 
disease in country dwellers, while less frequent, is usually acute for the 
same reasons that it is acute among primitive races. Another factor is 
that our mainstay of treatment, the open air life, constitutes a greater 
change for city than for country dwellers and that the reaction to the 
change is for this reason more marked. Paterson has found in the 
Province of Quebec, where the population is largely rural, that there is a 
high mortality from tuberculosis among the French-Canadians—a fact 
which is supported by the Report of the Royal Commission on Tubercu- 
losis for the Province in 1910. This is probably due to the fact that 
the winters are hard and long, and during the greater part of the year 
whole families are crowded into small and poorly-ventilated houses, 
the conditions thus approximating those found in densely populated 
parts of our cities. The incidence of tuberculosis in city and country 
would seem to be due to the mode of life rather than to any climatic 
differences. 

EXPOSURE TO HARDSHIP AND CoLp.—No definite figures can be given 
as to the influence of these two factors in the development of pulmonary 
tuberculosis. There are, however, some indications from mortality 
statistics that farmers have a somewhat lower rate than indoor workers. 
On the other hand, chauffeurs, letter carriers and coachmen show 
approximately the same mortality as do tradesmen of the same social 
status. All the above-mentioned occupations entail exposure to all sorts 
of weather. 

NATIVES VERSUS NEWCOMERS AND IMMIGRANTS.—lIn this country the 
native-born seem to be less liable to develop tuberculosis than do the 
immigrants. This statement, however, demands explanation. Persons 
who emigrate from agricultural parts of their home country to take up 
city life and to work in factories, where the conditions are not any 
too favorable, develop tuberculosis in large numbers; but those who come 
from European cities do not show such a high morbidity. Here again it 
seems to be the mode of life which is the important factor rather than 
any racial peculiarity. 
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Living Conp1TI0ns.—The statement has been made that poverty and 
tuberculosis go hand in hand. This statement is exemplified in any 
large city where the highest mortality from tuberculosis is found in 
the poorest sections. The death rate from tuberculosis in New York City 
is very high in some of the crowded tenement sections and certain blocks 
have been given the name of “lung blocks” for this reason. In the 
upper parts of the city tuberculosis is not nearly so common. The same 
conditions hold in Paris, where there has been found to be a rise of 
mortality gradually increasing from the richest quarters, through the 
middle class sections, to the slums. Not only does overcrowding favor 
frequent and massive infections among children, but the whole manner 
of life tends to develop weak individuals who thus easily fall prey to their 
infections. 

Statisticians have figured a direct relationship between family income 
and tuberculosis, those having the largest incomes showing the smallest 
incidence of the disease. Bad ventilation, insufficient light and general 
filth will keep the bacilli alive so that the chances of infection in child- 
hood are enormously increased and, once infected, the generally debili- 
tated bodies offer suitable fields for the increase and dissemination of 
the germs. It must not be thought from this that tuberculosis is not 
common among the more fortunate classes; it is merely less common for 
them than for their less fortunate neighbors. No class of society 1s ex- 
empt from tuberculosis, but the conditions enumerated greatly increase 
the chances of infection and later of disease. 

INSTITUTIONS—INSTITUTIONAL D1ISEASES.—Institutions, especially 
prisons and insane asylums, always show a high mortality from tuber- 
culosis. This is due to the confinement necessary for the control of the 
inmates and also to their social status and former life. The insane often 
have dirty habits and will not observe the ordinary hygienic rules. In 
other institutions where large numbers of persons are of necessity cared 
for in rather crowded quarters, tuberculosis finds a fertile field for develop- 
ment and spread. It must not be forgotten that the persons who are 
found in institutions usually come from families where the general 
health is not very good, and so it is not the institutional life alone which 
is to blame, as the persons who seek refuge in them are those among 
whom we should expect to find a great deal of tuberculosis. 

That the incidence of tuberculosis in institutions is due to the con- 
dition of the patients and their manner of life and not to increased 
opportunities for infection is shown by the fact that it is extremely 
rare for the help, waitresses, chambermaids, kitchen and laundry help, 
nurses or physicians in sanatoria and hospitals where tuberculous pa- 
tients are cared for, to develop this disease. In Brompton Hospital, 
London, even before the discovery of the tubercle bacillus and at a 
time when few precautions were taken to prevent infection, the inci- 
dence of tuberculosis among the help was found to be no greater than 
that in the community at large. In the Falkenstein Sanatorium | in 
Germany and in Trudeau Sanatorium in this country no cases of tuber- 
culosis developing among the help, as a result of their work, have been 
recorded. 
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OccuPaTIONS.—The relationship of special occupations to tuberculosis 
is bound up with so many diverse factors that it is difficult to give any 
definite facts about it. In general, it is not the occupation itself which 
tends to develop tuberculosis, but rather the conditions under which the 
occupation is carried out. Lilian Brandt has summarized the conditions 
which may make an occupation favorable for the development of tuber- 
culosis as follows: 


(1) A low rate of wages, entailing poor home condi- 
tions. 

(2) Unsanitary conditions of place of employment. 

(3) Exposure to dust from granite, clay, stone, plaster, 
wood, metals or textiles. 

(4) Excessive physical exertion or constraiued position. 

(5) Close confinement within doors. 

(6) Exposure to excessive heat. 

(7) Temptations to intemperance. 

(8) Long or irregular hours. 


Much has been written about the influence of inhaled dust particles 
in the etiology of pulmonary tuberculosis and many of the statements 
and statistics are difficult to reconcile one with another. It seems as 
though gritty or sharp particles, such as metal or quartz dust, are the 
most irritating. Chemical fumes, if concentrated, probably cause 
changes in the alveolar tissues and by their irritation produce hyperemia 
of the lungs, which may favor tuberculosis. However, the ‘‘gassing’’ 
which occurred during the World War was followed, in the opinion of 
many, by little pulmonary tuberculosis. It is not only those who work 
with their hands who are liable to develop tuberculosis, but large numbers 
of persons who are brain workers are also affected with this disease. 
Clerks, bankers, brokers, physicians, ministers, etc., all add their quota 
to this disease. 


Diet and Metabolism.—One of the reasons for the frequency of 
tuberculosis among the poor is the fact that these persons are insuffi- 
ciently nourished. Faulty or insufficient diet is not confined to the 
poor, but is found among all classes of society. Although the rich 
can have the food that they need, very often they do not eat what is 
best for them, but indulge in what they want. Disordered digestion is 
found as frequently, if not more often, among the wealthy than among 
the poor. Improper food is one of the main causes of debility and so 
acts as a predisposing cause to lowered resistance. Healthy digestive 
organs are as important as a well-balanced dietary, for without good 
digestion the most nutritious foods are valueless. Just what influence 
faulty metabolism exerts as a predisposing factor to tuberculous disease 
is not known. Investigations upon the influence of the secretions of 
the ductless glands are not conclusive. We do know that even in 
advanced phthisis little change in metabolism occurs except such as 
can be explained by fever, debility, etc. 
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Mental Exertion.—Tuberculosis frequently follows mental strain, 
shock or worry, which are as important as is physical strain. It is a 
common thing to find tuberculosis among students, particularly in 
women. Brokers, bankers, lawyers, physicians, clergymen and other 
brain workers develop this disease as well as tradesmen and manual 
laborers. Brain work produces fatigue as readily as muscular work. 
Fatigue, long continued, wears down the system and thereby lays it 
open to the development of disease, tuberculosis as well as other infec- 
tions. 

Overexertion.—Physical work, if in excess, is a frequent cause of 
pulmonary tuberculosis. Exertion to the point of fatigue, if continued 
over long periods of time, weakens the body. A healthy feeling of 
tiredness, which passes off with a good night’s rest, does no harm, but 
if work is so severe that a person feels tired all the time and starts 
each new day with an effort, the results are apt to be serious sooner or 
later. Athletes, who overtrain, particularly those who compete in the 
important contests, form a considerable percentage of the patients in 
health resorts and sanatoria. This is especially true of the college ath- 
letes, who undergo severe training and great physical exertion in 
preparation for and during the intercollegiate games. The sudden 
hemoptyses, so often found to follow athletic contests, are a striking 
example of the importance of overexertion. 

Trauma.—The influence of injury as a cause of pulmonary tuber- 
culosis is still a debatable point from the legal standpoint. Its im- 
portance is probably overlooked in many cases. Trauma alene cannot, 
of course, produce tuberculosis, but if a quiescent or latnet focus is 
present it is reasonable to consider that an injury may opon up this 
focus and start a dissemination of the bacilli. The symptoms, unless 
there is an immediate hemoptysis, do not appear for some time after 
the injury, as tubercles develop slowly and it takes days—if not weeks— 
before they are large enough to be detected on physical examination. 
It can be readily understood how injuries to the chest, blows, penetrating 
wounds, contusions, etc., may thus cause an outbreak of pulmonary 
tuberculosis, but few cases, however, followed wounds of the chest or 
lungs recerved in the World War. In the case of general injuries, or of 
trauma of some part of the body not directly connected with the lungs, 
the mechanism is less easily explained and their influence is more open 
to doubt. However, loss of blood, mental shock, prolonged rest in bed, 
sepsis, etc., may all play a part. 

Surgical operations on tuberculous foci may cause a spread, by 
opening up fresh paths for dissemination. Other surgical operations, 
especially on the nose and throat, are sometimes followed by pulmonary 
tuberculosis. The anesthetic used plays a very important rdle, par- 
ticularly if there is a latent focus in the lungs. [ther has always been 
considered dangerous but Sauerbruch, whose operative mortality from 
thoracoplastic operations is as low as any, prefers it when a general 
anesthetic can be used. Brown and Petroff did not find that it lowered 
the resistance of guinea pigs to the tubercle bacillus. Other anesthetics, 
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however, by causing deep breathing during the early stages of anesthesia, 
may also have a bad effect. The least harmful anesthetic is probably 
nitrous oxide and oxygen. 

Imperfect Sewerage and Contaminated Water Supply.—These have 
never been proved to be a source of pulmonary tuberculosis. The work 
of Brown, Petroff and Heise has shown that tubercle bacilli quickly dis- 
appear from contaminated streams. 

Pregnancy.—Among women this is one of the most important pre- 
disposing causes for pulmonary tuberculosis. The pregnancy itself may 
so weaken the system as to favor the spread of the infection. The strain 
of lactation may act in the same way, and it is usually in this period that 
pulmonary tuberculosis becomes manifest. The physical exertion of 
labor may in some cases act mechanically in causing a spread from some 
small focus. This is particularly true of the second stage of labor when 
the respiratory strain on the lungs is enormous with each pain. On the 
other hand some hold that the metabolic changes which occur during 
this period play an important part. It is not necessary to go more fully 
into this subject, as its importance is only too well shown by frequent 
examples of the connection of pregnancy with tuberculosis. 

Previous Attack.—Unlike many of the acute infections, one attack 
of pulmonary tuberculosis does not produce an immunity to subsequent 
attacks. In fact, the reverse is the case, and if a person has once had 
definite clinical pulmonary tuberculosis there is a very real danger of 
subsequent attacks. It must be remembered that the bacilli exist in 
the system even after arrest of the disease has occurred, and if the 
same set of circumstances which codperated to produce the disease in 
the first instance recur, a second attack may be expected. In many 
cases, however, relapses tend to assume a more chronic form than did 
the original disease, but this is not an invariable rule, and it is not 
uncommon to find acute relapses which run a rapidly fatal course as in 
pregnancy and after hemoptysis. 

Chronic Alcoholism.—This is a frequent predisposing cause, more 
especially among men. Whether or not the lowered vitality caused by 
excessive use of alcohol has a direct effect cannot be positively stated. 
Chronic alcoholism leads to careless habits, lack of regard for the decen- 
cies of life, neglect of cleanliness, exposure to cold and damp, and is 
frequently accompanied by poverty, so that the accompanying conditions 
may have an even more important influence than the intoxication itself. 
Sexual excesses often accompany alcoholic excesses, and in general we 
may say that alcoholism produces conditions of life which are unfavorable 
to health. The late Professor Landouzy has made the statement that 
‘alcoholism makes a bed for tuberculosis.” Many other authors have 
made similar statements, and the statistics, particularly from France, 
uphold them. Bertillon found the mortality from tuberculosis among 
tavern keepers to be twice as high as for shopkeepers of all kinds. Figures 
have also been found to show that in France there is a direct proportion 
between the amount of alcohol consumed and the tuberculosis mortality. 

Malformations.—In an attempt to explain why pulmonary tuber- 
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culosis attacked first the apex of the lung, Freund, in 1858, pointed 
out that a stenosis of the upper aperture of the thorax, caused by a 
calcification or ossification of the first costal cartilage, was very com- 
monly found in persons with tuberculosis. This view has been more 
recently advocated by other observers, but it has also been combated 
by some who claim that this change is caused by, and is not the cause 
of, pulmonary tuberculosis. Experimental work by Bacmeister appears 
to confirm Freund’s view. He found, when the thorax of rabbits was 
constricted by a wire band, that injected tubercle bacilli tended to 
localize in the part of the thorax thus immobilized instead of becoming 
generalized, as occurs when no such constriction exists. Deformities 
of the chest resulting from obstruction of the upper respiratory pas- 
sages may have some similar action in localizing tuberculosis. The 
habitus phthisicus of older writers is now known not to be peculiar to 
tuberculosis and has no causal relationship with pulmonary tuber- 
culosis. On the whole, the influence of malformations and deformities 
is probably slight. 

Influence of Other Diseases.—The acute respiratory infections un- 
doubtedly have some influence upon the change of tuberculous infection 
into tuberculous disease. This is very likely due to the hyperemia 
accompanying these diseases, the increased blood-flow favoring dissemi- 
nation of the bacilli. The influence of severe coughing must also be 
taken into account. Frequent colds, tonsillitis, recurrent bronchitis 
and tracheitis are often found in persons who later develop tuberculosis. 
Influenza plays a less important part than some formerly supposed. 
Among the acute general infections, measles and whooping-cough are very 
commonly the starting points of tuberculosis. It is worthy of note 
that in these two diseases there is an adenitis which affects the tracheo- 
bronchial glands. The influence of the other infections, scarlet fever, 
typhoid, etc., is less definite. Diseases of the heart and blood-vessels 
have little influence, with the exception of stenosis of the pulmonary 
orifice, which is usually congenital. 1t has been observed that the 
majority of persons with this lesion die of pulmonary tuberculosis. 
Among the general diseases, diabetes mellitus seems to favor the develop- 
ment of pulmonary tuberculosis, and the mortality from tuberculosis 
among diabetics is high. Scrofula and pleurisy are often spoken of as 
factors predisposing to tuberculosis, but this argument is not sound, as 
these conditions are both manifestations of tuberculosis. Chronic focal 
infections do not predispose to tuberculosis, but the symptoms of the 
former are not infrequently mistaken for those of the latter disease. 


EXcITING CAUSE—THE ORGANISM: BACTERIOLOGY 


Although the infectivity of tuberculosis had been proved by Villemin, 
in 1865, by a series of experiments which could not be refuted, it was 
not until 1882 that the bacillus itself was discovered. Baumgarten 
recognized the bacilli in the centers of tubercles but did not stain or 
cultivate them, and the credit for the discovery of the bacillus must 
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rest with Robert Koch. He succeeded in staining the organism in tissue 
by means of alkaline methylene blue, was able to cultivate the bacilli, and 
to reproduce the disease in animals by inoculation with his cultures. His 
work was so thorough and complete that practically nothing has been 
added to our basic knowledge of the bacillus since he presented his results 
to the Berlin Physiological Society in 1882. 

Morphology.—The tubercle bacillus is a minute colorless, non-motile 
rod, usually slightly curved, with rounded.ends. Its length varies con- 
siderably, being from 1.54 to 44u, and its thickness is about one-fifth of 
its length. When stained the bacillus may be found uniform through- 
out or there may be one to several granules which stain more deeply 
than the surrounding bacillary body. These granules are not spores, 
for the tubercle bacillus does not have a stage of sporulation, but must 
be looked upon as a massing together of the cell wax. The granules 
are found especially in the bacilli from older cultures and are very 
frequently present in bacilli found in sputum, but they are also found 
in younger cultures and are frequently seen in bacilli which lie beside 
or near other evenly staining organisms. Overheating during staining 
produces them. They are usually considered as resting forms of the 
bacillus, but conclusions as to the age or virulence of bacilli from the 
presence of granulations are not justifiable. 

Pleomorphism.—The forms which may be assumed by the tubercle 
bacillus are many and vary from a short, stumpy, evenly staining rod 
to a long, slender, granular bacillus. Even long filaments, sometimes 
with rather club-shaped ends and lateral branching, may be found in 
cultures. These forms resemble the actinomyces group of fungi. They 
are most frequently seen in the avian tubercle bacillus. 

Staining Properties.—The tubercle bacillus belongs to that class of 
organism which is termed “acid-fast,” that 1s, when once stained it 
retains its color even when treated with strong acids which would de- 
colorize other bacilli. They are further differentiated from the majority 
of other acid-fdst organisms by the fact that they retain their stain 
also when treated with alcohol. This is, however, not an absolute means 
of differentiating the members of the acid-fast group, as the property 
of alcohol-fastness is variable and may be but slightly present in some 
strains of tubercle bacilli and more strongly marked in some other 
organisms. They do not stain well with the ordinary anilin dyes unless 
a mordant is used. The bacilli are Gram-positive, but usually require 
heating or prolonged staining to color them. Much has used a modifica- 
tion of the Gram stain to demonstrate the granules in the bacilli and 
claims that the granules may exist free from the bacillary bodies and 
themselves develop into new bacilli. The Wehrli-Knoll and Much-Weiss 
stains are combinations of the Gram method with the ordinary carbol- 
fuchsin stain and show the granules as dark purple dots in a pale pink 
bacillus. 

Chemistry.—The composition of the bacillus is found to vary con- 
siderably with the medium on which it is cultivated. The poisonous 
substance of the bacillus has been shown by Levene to be a nucleoprotein. 
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There is no evidence that the bacilli secrete or excrete any toxin during 
growth, and the active agent in the fluid cultures and in extracts of 
the bacillus is now thought to be dissolved nucleoproteins derived 
from the degenerated or dead bacilli. A special nucleic acid has been 
described as being set free from the decomposition of the nucleoprotein. 
This has been called ‘‘tuberculinic acid.’’ Cellulose, carbohydrates 
and phosphorus are found in the bacillary bodies. In addition to these 
substances the tubercle bacillus contains a considerable proportion of 
fats and waxes. These give to the bacillus their acid-fast property and, 
when the waxes are completely extracted by alcohol and ether, the specific 
staining reactions are lost. 

Cultivation.—It is difficult to cultivate the bacillus on artificial 
media at first from animal tissues, but once it has taken on a saprophytic 
existence it will grow readily but slowly on many different media. 
Blood serum, Dorset’s egg medium and Petroff’s egg-meat-juice medium 
are the best for isolating fresh cultures. For further growth nutrient 
agar with 3 to 5 per cent. glycerin is useful. Sliced potatoes, to which 
2.5 per cent. glycerin-water is added, is a well-known medium, but is 
not now used as generally as it was formerly. Where it is desired to 
obtain large quantities of bacilli, as for making tuberculin, liquid media 
are preferable to solid. For this purpose beef bouillon with 5 per cent. 
glycerin is commonly employed. Various peptone-free media containing 
inorganic salts and glycerin have been used, when analyses of the bacilli 
are to be made, and it has been found that the bacilli grow fairly well 
on these. The growth of the bacilli is slow as compared with the ordi- 
nary pathogenic bacteria and it is usually ten days before pin-point 
colonies are discernible on the surface of the medium; in about three 
weeks the surface of the medium is well covered. Petroff has obtained 
first cultures direct from sputum which were visible in seven days by 
using a gentian-violet-egg-meat-juice medium. The appearance of a 
well-established growth is that of a thin pellicle in which the individual 
colonies have lost their identity, or else of the separate colonies crowded 
together so that the surface is wrinkled or heaped up and roughened. 
The colonies are whitish or grayish-white in color and the surtace is 
usually dry, but may be moist and soft. The color in older growths, 
especially if on potato, is reddish-brown. There is a distinct almond odor 
to cultures which is due to a fatty acid developed during growth. 

Powers of Resistance.—The bacilli are readily killed by boiling and 
by moist heat at 60° C. for one hour. Cold does not apparently kill 
the bacillus even when exposed for a long time. Twichell found frozen 
moist sputum virulent after four months. Drying the bacilli for vary- 
ing lengths of time has been tried by different observers and the time 
necessary to kill them has been variously estimated. As a rule, two 
weeks or more will kill the bacilli, but for practical purposes many 
factors have to be taken into account. Sputum is obviously the im- 
portant practical factor from the standpoint of dissemination. Bacilli 
when clumped in the thick tenacious masses found in some sputa will 
not be killed by long periods of drying, as the desiccation does not extend 
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to the interior of these masses for a considerable time after the surface 
is dried. Krause has found that masses of bacilli dried in vacuo over 
sulphuric acid for fourteen days and then stored in the dark for eighteen 
months still contained some living and virulent bacilli which infected 
guinea-pigs. Diffuse daylight will kill the bacilli, when in thin layers 
of sputum, in a few hours. Direct sunlight will sterilize cultures in a 
few minutes. Here again, as in drying, the physical conditions of the 
material in which the bacilli are found play an important réle in the 
time of exposure necessary for killing. 

RESISTANCE TO ANTISEPTICS.—The tubercle bacillus is more resistant 
to the action of antiseptics than the majority of ordinary bacteria, 
probably on account of the waxy content which protects it against the 
solution. It holds a position midway between the more common bacteria 
and the spore-bearing organisms in this regard. In order to kill the 
bacillus, mercuric chlorid, formaldehyd and carbolic acid have to be 
used in strong solutions and for several hours. This is especially true 
when the bacilli are in the sputum, as the sputum is rapidly coagulated 
on the outside and prevents the penetration of the antiseptic. For this 
reason antiseptic solutions, such as lysol and liquid cresolis, which have 
a solvent action, are to be preferred. The vapor of nascent formaldehyd 
is now generally used to fumigate rooms which have been occupied by 
tuberculous patients, and the researches of Trembley have shown that, 
when properly employed and the room well sealed, the results are satis- 
factory. 

PuTREFACTION.—Putrefaction of sputum and of tuberculous organs 
usually kills tubercle bacilli in a few days or at least inhibits their 
growth. The results of investigations as to how long tubercle bacilli can 
live in putrid tissues are somewhat at variance, but would tend to show 
that there is little danger of dissemination of disease from cadavers of 
tuberculous patients. 

Varieties of the Tubercle Bacillus.—Three distinct types are known: 
the human, most commonly found in man; the bovine, the organism of 
cattle; the avian, the cause of tuberculosis in birds. These three varieties 
are pathogenic respectively for man, cattle and birds, but their impor- 
tance in the etiology of human tuberculosis is still debatable. 

AVIAN Type.—The avian type is rarely, if ever, found in tuberculous 
lesions in man and may be dismissed in a few words. The bacilli are 
usually long and beaded, and tend to assume more unusual forms than 
the other two varieties, such as branching and clubbing of the ends. 
They grow more rapidly in cultures and the surface of the growth is 
moister. The optimum temperature for growth of the first cultures is 
103°-105° F. (39.4°-40.6° C.), but in later cultures they grow well at 
98.5° F. (36.9° C.). They are pathogenic for rabbits and mice, but not 
for other mammals. 

Bovine Typr.—As regards the infectivity of the bovine type for 
human beings, a great amount of work has been carried out since Koch 
made the statement that the bovine bacilli were quite different from the 
human, and not at all pathogenic for man. The work has not sustained 
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Koch’s contention, although the relative incidence of bovine infection in 
man has been found to be different in different countries. The following 
table of Park and Krumwiede, made up from 940 cases of tuberculosis in 
which the type of bacillus was studied, is the largest series reported in 
this country. 


PERCENTAGE OF INCIDENCE OF BOVINE TUBERCULOSIS IN 940 CaszEs, 
oF WHICH 778 WERE PULMONARY TUBERCULOSIS (Park and Krumwiede). 


Adults 16 Children 5 Children 


years and to 16 under 5 
over years years 
Diagnosis Per cent. Percent. Per cent. 
Pulmonary tuberculosis......... 0.4 0.0 2.8 
Tuberculous adenitis, cervical ... 2.7 38.0 61.0 
Abdominal tuberculosis......... 20.0 53.0 58.0 
Generalized tuberculosis, of ali- 
mentary origin.............. 14.0 57.0 47.0 
Generalized tuberculosis........ 0.0 16.0 8.6 
Generalized tuberculosis, includ- 
ing meninges, alimentary origin 0.0 0.0 66.0 


Tubercular meningitis (with or 
without generalized lesions other 


than preceding).............. 0.0 0.0 4.6 
Tuberculosis of bones and joints.. 3.3 6.8 0.0 
Tuberculosis of skin............ 23.0 60.0 0.0 


From this it will be seen that, as a cause of pulmonary tuberculosis, 
the bovine type is practically negligible, but that it is the etiological 
organism in a large proportion of alimentary infections in children. 
What part this childhood infection with the bovine bacillus plays in later 
resistance to human infection is not yet proved, but it is logical to 
suppose, from comparison with experimental inoculations, that this pro- 
tects in a manner similar to a localized human infection. 

DIFFERENTIATION OF HUMAN AND BovINE Types.—The two types are 
distinguished from one another by several means: 

(1) Morphology.—The bovine bacillus is, as a rule, shorter, more 
stumpy, and stains more evenly than the human. This is, however, only 
a relative distinction and it is often impossible to tell the one from the 
other by the morphological characteristics. 

(2) Cultures.—The bovine bacilli grow more slowly, less profusely, 
and are more difficult to culture than are the human. The term “dys- 
gonic”’ has been coined to signify this difficulty in culturing the bovine 
bacilli, and its converse “eugonic” is applied to the more easily grown 
human organism. 

(3) Reaction of Media.—Theobald Smith has pointed out that the 
bovine bacilli produce an alkaline reaction in culture broth, while the 
human bacilli cause an increased acidity. 
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(4) Virulence.—Without entering into a discussion of the various 
animals for which the bovine bacilli are pathogenic, it should be stated 
that when rabbits are inoculated with bovine bacilli, a rapid and fatal 
dissemination takes place, while ordinarily the human bacillus causes 
only a localized and curable disease in this animal. For this reason the 
rabbit is used experimentally to differentiate the two types. 

PiscINE, REPTILIAN OR COLD-BLOODED Typrs.—In addition to the 
three types already mentioned, reference must be made to a fourth class, 
the piscine, reptilian or cold-blooded, which are found in fishes and cold- 
blooded animals. To this class belongs the turtle bacillus of Friedmann, 
the blind-worm bacillus of Moeller and the carp bacillus of Bataillon, 
Terre and Dubard. It 1s now considered that these bacilli are not 
pathogenic even to cold-blooded animals, but are in reality saprophytes. 
Numerous other acid-fast bacilli have been found in nature and much 
confusion was at one time caused by considering that these were an 
alteration of the true tubercle bacilli. Among the best known of these 
are the hay bacillus of Moeller, the butter bacillus of Rabinowitsch, the 
milk bacillus, the smegma bacillus and the dung bacillus. Their recog- 
nition is important from the standpoint of diagnosis, especially when 
we are dealing with the genito-urinary tract. There is probably some 
relationship between these acid-fast bacilli and the tubercle bacillus, for 
various group-reactions, such as agglutination and precipitation, have 
been shown to occur experimentally. 

Distribution.—In THz Bopy.—There is no organ or tissue in the body 
in which the tubercle bacillus may not be found, but some tissues are 
much less commonly infected than others. The voluntary muscles are 
very rarely the seat of tubercles. Probably the lymphatic glandular 
system is more commonly infected than any other—a fact that is ex- 
plained by the physiology of the glands, which are the catch basins into 
which the various organs and tissues drain. Thus no matter how the 
bacillus gains entrance into the body the glands draining the region of 
entrance will sooner or later become infected. 

Next to the glands the lungs are most frequently diseased, not 
because they are specifically predisposed to tuberculosis, but because the 
bacilli gain admission to these organs more frequently than they do to 
other organs. Although the capillaries of the lungs are not small enough 
to filter out the tubercle bacillus, bacilli which enter the right side of the 
heart from the lymphatic ducts will first have to traverse the capillary 
network of the lungs before being carried to other parts of the body by 
the systemic circulation. 

After the lymph-nodes and the lungs it is impossible to indicate 
the relative frequency of invasion of the other organs, as the bacilli 
localize in skin, bones, joints, kidneys, intestines, genital organs, brain 
and meninges, for reasons which are yet absolutely unknown. Even 
in experimental animals we do not know why special organs are more 
often the seat of tuberculous lesions than are other organs; yet we do 
know that the spleen is much more frequently tuberculous in the 
guinea-pig than in the rabbit, and that the kidneys of the latter are 
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very commonly infected, while in the former renal tubercles are not 
frequently found. The occurrence among the various organs of what 
we speak of as a ‘locus minoris resistentiw#”’ is recognized, but not 
explained. 

OUTSIDE THE Bopy.—Recognizing that human sputum is the chief 
source of the tubercle bacillus outside the body, we can assume that 
it will be found wherever such sputum is deposited. The influence of 
sunlight and desiccation on the bacillus has already been described, 
and the general statement may be made that the tubercle bacillus is 
rarely found outside the bodies of men or animals except when excreted 
in some discharge from a diseased animal. In other words, the tubercle 
bacillus has no natural extracorporeal habitat and when found outside 
the body in the excreta of animals it is either rapidly killed or so diluted 
by air and water as to be in general of no practical importance in epi- 
demiology. The dust of rooms which have been occupied by consump- 
tives potentially contains the bacilli, but attempts to demonstrate their 
presence have in many instances been negative. The feces of tubercu- 
lous patients commonly contain bacilli, but the method of disposition of 
sewerage now commonly employed serves to render them harmless or 
easily disintegrated. However, Brown, Petroff and Heise have shown 
that water collected from a stream 2.9 miles from the mouth of a sewer 
which drained a health resort infected guinea-pigs, but that samples 
from further down the stream did not do so. Milk from tuberculous 
cows has frequently been found to contain tubercle bacilli, especially if 
the lesion is in the udder. Some hold that the tubercle bacilli in milk 
come usually from contamination with the feces of tuberculous cows. 
Other foods may possibly be contaminated by being handled by persons 
with tuberculosis, but this is a superficial contamination and the bacilli 
would be subject to the influence of light and air. 

Modes of Conveyance.—The whole problem of the modes of infec- 
tion in tuberculosis is still shrouded in much uncertainty, in spite of 
the fact that the subject has been investigated and theories postulated 
ever since the discovery of the tubercle bacillus, now over forty years 
ago. It is clear that infection must take place in the majority of in- 
stances through the conveyance of the tubercle bacillus from a person 
with open tuberculosis to the newly infected person, either directly or 
indirectly by means of the sputum or other fomites, as the bacillus has 
no natural habitat outside the body and is readily killed by external 
agencies. While this proposition is simple when so stated, we imme- 
diately enter into debatable ground when we try to discover the details 
of how the bacillus is transferred from one person to another. Is this 
by the dust which is inhaled? Is this by droplets expelled during 
cough? Does it follow ingestion of contaminated food or milk? Is 
contact with a person who has tuberculosis necessary to infection? Is 
the disease hereditary? These and a number of other questions immedi- 
ately present themselves to the investigator for solution. 

Among the factors which make the investigation of modes of infection 
so difficult is a failure to distinguish between the infection, or the 
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tissue reaction in response to the implantation of the bacillus, and the 
disease tuberculosis. The period of time during which the bacilli may 
lie dormant in the initial tubercle before breaking loose and becoming 
disseminated and causing symptoms is extremely variable. In some 
cases (usually infants) infection may precede disease by only a few days 
or weeks, while in others the bacilli, some believe, may be present in the 
body for one, two or even up to fifty years before symptoms develop. 
This variable period of infection before disease makes it impossible, in 
the vast majority of cases, to determine just when and how the infection 
took place. When a person presents himself for examination it is not 
enough to ask whether he has been exposed to tuberculosis immediately 
preceding the onset of symptoms, as this is rarely the case, and the 
childhood history of the patient must be investigated in order to find 
possible sources of infection. 

Another source of difficulty if studying this problem is to find some 
general method of infection which will explain the origin in at least a 
majority of cases. To prove that it is possible to infect an animal by 
having it inhale infected dust or by exposing it in front of a coughing 
patient does not prove that one or the other method is the common 
means of conveying the bacilli from one person to another. At the 
present time no general statement can be made as to the usual mode of 
infection and there are many possibilities which must be considered. 
There are three chief modes of conveyance which must be discussed 
and several other possible methods which will be briefly touched upon. 
The most important modes of infection are by inoculatjpn, by inhalation, 
and by ingestion. 

INocuLATION.—Although not by any means common, many cases are 
recorded in which there has been a direct infection through wounds of 
the skin. The “pathologist’s wart” and the “butcher’s wart” are 
instances of such direct skin inoculation. Holt has described cases of 
infection of the wound during ritual circumcision. When the infec- 
tion occurs by inoculation in children generalized disease may result, 
but in adults the lesion is benign and remains local, owing to the fact 
that the adult has almost certainly been already infected with the 
bacilli. The skin infection thus represents a superinfection to which 
he has an acquired resistance. It is theoretically possible that infection 
may take place through the unbroken skin under special conditions. 
but for practical purposes this may be dismissed from consideration, 
The tuberculous lesions of the skin, as lupus and the tuberculids, are 
not the result of a direct skin inoculation, but rather a spread from some 
endogenous focus. The whole subject of infection through the skin has 
not yet been sufficiently investigated to permit of any definite con- 
clusion being drawn as to its importance as a factor in the spread of 
the disease. The same statement may be made about infection directly 
by the external mucous membranes which must be looked upon as a 
possible, but rare, method of inoculation. 

INHALATION.—This has long been considered the chief mode of in- 
fection in tuberculosis. This conclusion is readily understood, as tuber- 
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culosis manifests itself chiefly, from a clinical standpoint, as a pulmonary 
disease. The reasoning that tuberculosis is a disease of the lungs, that 
the lungs are in communication with the external air by means of the 
upper air passages and that, therefore, the bacilli gain admission to the 
lungs from the outside by way of the respiratory tract, is on its face 
plausible and sufficient. When, however, we come to analyze the ques- 
tion we find that this simple reasoning does not explain many problems. 
In the first place, the upper air passages are tortuous and the surfaces are 
moist, so that many of the inhaled particles, dust and bacilli, will strike 
against the walls and be caught there. Secondly, the nose and mouth, 
or the orifices of inhalation and ingestion, enter a common chamber, 
the nasopharynx, from which there are two exits, the larynx and the 
esophagus, so that a certain number of bacilli which are primarily 
inhaled may be later swallowed, and conversely some bacilli which enter 
the mouth may secondarily pass through the larynx into the trachea. 
Thirdly, experiments have shown that even in dogs, which naturally keep 
their noses near the ground and, therefore, sniff up much dust and 
dirt, bacteria are not usually found below the second divisions of the 
bronchi. Fourthly, tuberculosis is usually located, in its early stages, 
in the apices of the lungs where particles would be inhaled with greater 
difficulty and so with less probability than into other portions of the 
lungs to which the bronchi lead more directly. Fifthly, pathologically, 
tuberculosis begins in the lung reticulum and not in the alveoli themselves, 
as would be expected were there a direct infection trom the air passages. 

It will be seey from these statements that the theory of inhalation 
infection is not as simple as it appears at first. It is, however, quite 
possible that the bacilli may be inhaled as far as the large bronchi, that 
they then fall on the bronchial mucosa and are here picked up by the 
epithelial cells or get into the submucous tissues and are then carried 
to the tracheobronchial glands. From this point they may be carried 
to the lungs by the lymph or blood. Gardner has shown by inhalation 
experiments that the periphery of the lung may be directly infected. 
Ghon, in Austria, and Opie, in this country, believe that the bronchial 
lymph-nodes are infected from a primary lung focus which the bacilli 
reach by direct inhalation. Opie and Anderson, employing the method 
of inflating and X-raying the lungs of persons who have died of non- 
tuberculous conditions, find that the lung lesions have the character of 
childhood infection, 1.e., ‘‘they occur in foci in the substance of the lung 
and are not more frequent in the apices than elsewhere. They are 
accompanied by more extensive lesions in the adjacent lymph nodes.”’ 
In more than ten per cent. of their cases there is evidence that these 
individuals have had a widely disseminated tuberculosis of the lungs with 
drainage to the nodes. Healed tuberculosis of the liver and spleen was 
found in ten of fourteen cases with extensive healed tuberculosis of the 
lung. On the other hand, Harbitz believes in a descending infection 
down the chain of cervical glands to the tracheobronchial nodes. In 
any case, some consider that clinical pulmonary tuberculosis is not the 
primary focus, but may be metastatic from a lesion in the glands—a view 
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which would modify considerably the old views of infection by inhalation 
or a secondary infection, a superinfection, from inhalation. 

It must be granted, however, that bacilli may be inhaled into the 
upper air passages even if we are uncertain as to their further progress. 
There are two views as to the means of conveyance of the bacilli thus 
inhaled. The older view is that of dust infection which was first enunci- 
ated by Cornet, a pupil of Koch. Cornet examined the dust of rooms 
occupied by consumptives, as well as dust from numerous other sources, 
streets, public buildings, railway coaches, etc., and in a certain number 
of instances was able to prove their infectivity for guinea-pigs by 
inoculation. His classical experiment and the one which was the basis 
for the theory of dust infection was to put a number of guinea-pigs in 
a room, on the carpet of which tuberculous sputum had been rubbed. 
The carpet was then vigorously swept with a stiff broom and it was 
found that the majority of the animals developed tuberculosis. Many 
fallacies might be pointed out in conclusions drawn from such an ex- 
periment, but it is only necessary to say that even if the conclusions 
are justifiable the conditions do not in any way approximate those which 
would naturally occur. We have shown that the agencies which would 
convert sputum into dust, light and drying, readily kill the bacilli or 
at least render them avirulent. Again, if the sputum remains moist so 
that the bacilli remain virulent, it would not be capable of being carried 
around by currents of air. It should also be pointed out that ordinary 
sweeping and dusting would not raise the dust high enough to infect an 
adult person in a standing posture but would be dangerous for an infant. 
These and many other objections which could be raised would show that 
such infection by dust cannot explain more than a very few of the many 
infections which occur in human lungs. 

The criticisms of the dust inhalation theory of infection soon became 
apparent and a school of workers, led by Fltigge, began experiments to 
show that there was another agency at work, namely, the droplets 
expelled by consumptives during cough. That the air exhaled during 
cough contains droplets of moisture is well known to every one who has 
stood before a mirror or glass plate and coughed on it. Fiigge’s theory 
of infection was that these droplets when expelled forcibly, as during 
cough, loud talking, laughing or sneezing, would contain bacilli and be 
carried some distance (usually not over three to four feet) from the 
patient before falling to the ground. In this way, he argued, infection 
is carried from the sick to the well and thus intimate association with a 
consumptive is necessary for infection. It may be said that the crucial 
experiment on which this theory rests, namely, exposing guinea-pigs to 
the spray emitted by coughing consumptives, is far from conclusive in 
its results, yet the theory has obtained wide recognition and acceptance. 
The various experiments carried out proved that during quiet breathing 
bacilli were not expelled and that forced expiratory effort was necessary. 
They also showed that the droplets, which may remain suspended in the 
air for thirty minutes, were not carried more than one meter from the 
patient nor were they spread laterally. From this it is clear that for 
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infection to take place it is necessary to inhale the forcibly expired breath 
of a consumptive with bacilli in the sputum and that this inhalation 
must take place in a direct line with the patient’s mouth and not more 
than a meter from it. While these conditions may not be universal, 
but are not infrequently fulfilled, it is justifiable to state that the theory 
of droplet infection may not account for any great number of cases of 
tuberculosis but must be considered as a possible explanation of some 
infections, as is the case with infection from dried dust. 

INGESTION.—It is an interesting fact to record that before the dis- 
covery of the tubercle bacillus nearly all the experiments to prove 
the infectivity of tuberculosis were done by means of the alimentary 
tract and not by inhalation. That the results of these experiments were 
contradictory and confusing is not to be wondered at, in view of our 
later knowledge, when we consider the variety of sources of the ma- 
terial used—human sputum, organs of tuberculous persons, lesions from 
cattle, etc., and also the great variety of animals used in the experi- 
ments, many of which are now known to be refractory to tuberculosis. 
After the discovery of the bacillus the inhalation theory was practically 
universally adopted and held sway until quite recently. In 1903 atten- 
tion was again drawn to the possibilities of the infection entering the 
system by way of the digestive tract, and since that time this means 
of infection has more and more engaged the thoughts of investigators in 
tuberculosis. 

When speaking of infection by ingestion we must remember that 
the digestive tract begins at the lips, extends through mouth, pharynx, 
esophagus, stomach, small and large intestines, and ends at the anus, 
so that infection which starts anywhere from mouth to anus may 
properly be spoken of as ingestion tuberculosis. It must also be remem- 
bered that infected food is not a necessity for this form of infection, but 
that anything which may carry tubercle bacilli and on which they can 
enter the mouth, whether they are swallowed or not, is potentially a 
source of ingestion infection. 

It is certain that foods—milk, in particular—may be swallowed and 
cause a tuberculosis of the intestines, the peritoneum or the mesenteric 
glands. It is also,certain that the bacilli may pass through the intestinal 
mucosa without leaving any recognizable trace of their passage or 
causing disease in the glands. It is further recognized that the glands 
of the mesentery may be traversed by the bacilli without showing evi- 
dences of disease, and the first evidences of tubercle may be found in 
the retroperitoneal glands or even in the mediastinal glands. Opie, in 
autopsies on British soldiers, paid particular attention to the mesenteric 
glands and found healed, calcified, glandular tuberculosis in one of every 
four bodies he examined. In these the healed focal tuberculosis of lungs 
was scant or absent. In this way tuberculosis, although starting from 
the intestinal tract, may be found in remote glands and in these only. 
The mouth, pharynx, esophagus and stomach rarely, if ever, show primary 
tuberculosis, but the lymph-nodes in the neck are probably the most 
common seat of tuberculous infection of any tissue in the whole body. 
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As these glands receive the lymphatics which drain the mouth, tonsils 
and pharynx, we are justified in concluding that these must be the 
starting point of the infection. How do the bacilli gain entrance to the 
mouth and pharynx? Some may be inhaled as dust, some may enter in 
the droplets expelled by coughing consumptives, some may be taken in 
with food. But we must look further if we are to explain the well-nigh 
universality of infection in human beings. 

To do so it is necessary to consider briefly the habits and surround- 
ings of infants and children. At birth an infant is helpless and takes 
into its mouth only what is put there by its attendants. If one of these 
attendants is tuberculous, the chances of early infection are great, for 
there is a constant and almost inevitable danger that the hands of the 
attendant are contaminated, or that the feeding bottle may be soiled 
by these same hands, or that, in countless ways, the bacilli may be 
transferred from mother or nurse to the helpless child. As the child 
becomes older and begins to use its own hands, we know that it is 
almost an instinct for it to put everything into its mouth, and the danger 
of infection is thereby greatly increased. A little later the child begins 
to creep and then spends the greater part of its waking life on the floor 
amid dust and dirt, which even by the greatest care cannot be wholly 
avoided. As the child grows still older, its excursions become greater, 
and even after it learns to walk it still spends most of the time on the 
ground and still transfers whatever comes to hand into its mouth. Still 
later, when the school age is reached, the child wanders further and, with 
this increased radius of activity, new opportunities for infection appear, 
so that by fifteen years of age we find that probably 75 per cent. of all 
human beings are already infected with tuberculosis. Krause has em- 
phasized the views of Aufrecht and Weichselbaum that many cases of 
tuberculosis are contracted, especially in children, through the mouth 
by toys, etc., which are contaminated. The conclusion therefore seems 
logical and practical that infection occurs in the majority of cases through 
bacilli entering the mouth or nose, either by inhalation or ingestion and, 
having once gained admission, being picked up by the lymphatics, to 
find at least temporary resting places in the glands of the neck and 
mediastinum, or, if swallowed, of the mesenteric or retroperitoneal groups. 

Contact InFecTION.—From what has been said it can readily be seen 
that infection can be directly or indirectly conveyed from the sick to 
children, but it is not justifiable to deny the possibilities of adult infec- 
tion, although there is much to be said against the practical dangers to 
mature individuals. The main source of infection is the sputum, and 
anything soiled with this is potentially dangerous. Baldwin showed that 
the fingers and finger nails of tuberculous patients are frequently con- 


_taminated with the bacilli. The bedding in the neighborhood of the 


mouths of patients is frequently soiled- with sputum, as is also the cloth- 
ing covering the front of the chest, but Brown and Petroff could not find 
bacilli on the bedclothes nor upon the walls or bedtables of patients 
dying from pulmonary tuberculosis. Beards and mustaches are very 
likely to be smeared with sputum. Handkerchiefs used for covering the 
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mouth during cough, and a number of other things which are used by 
patients, are frequently covered with particles of bacillus-laden sputum. 
Thus contact with a coughing patient almost always presents possibili- 
ties of infection in the manner already described. Merely being in the 
room with a consumptive is absolutely harmless for adults, and only by 
the greatest stretch of the imagination could casual association be postu- 
lated as dangerous. Numerous studies seem to prove that the intimate 
contact of married life may lead to the infection of the healthy mate 
when one of the partners has open pulmonary tuberculosis. The statis- 
tical study of Brown and Pope points to ‘‘assortative mating’’ as one of 
the factors involved. 

INFECTION THROUGH Foop.—The only real danger occurring from 
food is that of drinking milk from tuberculous cows. The fact that, 
in abdominal tuberculosis, over 50 per cent. of cases in children and 
15 to 20 per cent. in adults is found to be due to the bovine bacillus, 
makes it evident that the dangers from milk are real and not to be 
neglected. The possibility of tubercle bacilli being excreted in the milk 
of nursing mothers who haye tuberculosis cannot be denied. The ques- 
tion of the infectivity.of meat from the carcasses of tuberculous cattle 
and swine has been investigated by Chaussé, who comes to the conclusion 
that the meat practically never shows any tuberculous lesions and that 
even if it did cooking would serve to make it safe for use. He also 
suggests that meat from such animals might be sold for human use 
if properly labeled. There are, however, few persons who would will- 
ingly eat such meat even if it were proved to be perfectly safe. 

Other foods, especially those eaten raw, as fruits and vegetables, 
may be a source of danger by being contaminated through handling 
by tuberculous persons or by being exposed for sale without proper 
protection from dust, etc., in dirty localities. Contaminated butter 
may play a similar réle. 

CaARRIERS.—We must recognize that there are carriers of tubercle 
bacilli who are not themselves ill, in the same way as there are typhoid 
and diphtheria carriers. These carriers are persons who have had few 
or no symptoms apart from cough and expectoration and who have not 
known that they had tuberculosis until some chance examination has 
revealed the presence of bacilliin the sputum. Draft examinations have 
revealed a fair number of such persons. Other persons who may justly 
be called carriers are those who have had definite symptoms and have 
been treated for their disease, but have attained sufficient arrest of the 
process to render them fit for work, although cough and expectoration 
may remain. These latter have usually been so instructed as to the 
disposal of their sputum that they are of little danger to the community 
if they follow the precautions which they have learned, but the former 
class, who do not know that they are scattering tubercle bacilli, are 
innocently a menace, and how to discover and treat them is a problem. 

Fiies.—Sputum which is exposed will attract flies, and bacilli have 
been demonstrated on the legs of these insects after they have been 
in contact with tuberculous sputum. The bacilli thus picked up may be 
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deposited on food or on other things which are taken into the mouth, 
but Brown and Petroff were unable to infect guinea pigs with food 
contaminated by flies. 

HEREDITARY TRANSMISSION.—At one time tuberculosis was thought 
to be a hereditary disease, transmissible from either parent. Since the 
disease has been shown to be of bacilligenic origin, it has been recog- 
nized that paternal inheritance is impossible; true maternal heredity, 
that is, a transmission of the germ in the ovum at the time of fecunda- 
tion, is likewise impossible. But may not the bacilli pass from the 
maternal circulation through the placenta into the fetus and thus appear 
congenitally in the child? Only very few cases of placental tuberculosis 
have been recorded, although many thousands of placents have been 
examined with this point in mind. Roemer reports that, up to 1914, 
scarcely thirty cases of congenital tuberculosis had been recorded and 
says that in some of these there is a doubt as to the accuracy of the 
facts. No less an authority than Baumgarten, however, advanced the 
theory that many infants of tuberculous parents were born with the 
bacilli in their bodies in a latent state and that in later life these could 
become active and cause disease. By means of the various tuberculin 
tests carried out in thousands of human infants immediately after birth, 
in calves and in the offspring of tuberculous experimental animals, we 
know that not a single instance of tuberculin hypersensitiveness has been 
found, and if our knowledge of the tuberculin reaction is sound this 
means that none of these new-born animals have been infected with 
tuberculosis at birth. Thus while the existence of congenital tuberculosis 
cannot be absolutely denied, it must be so rare as to be of practical non- 
importance. The true explanation of the large number of cases of family 
tuberculosis, which is well recognized and which has been the basis of 
the theory of hereditary transmission, lies in the greater opportunity for 
infection after birth than occurs in families in which no disease is present. 

INFECTION THROUGH ALVINE DiscHARGES, ETC.—It has been shown 
that the feces of persons with open pulmonary tuberculosis contain 
tubercle bacilli in the great majority of cases. The urine may also 
contain bacilli even without demonstrable lesions of the urinary tract. 
Pus from glands, bones or joints also contains living and virulent germs. 
The ordinary care of these discharges, such as are dictated by common 
decency and hygiene, render infection from these sources negligible as 
a practical mode of dissemination. 

Types of Infection—Here again attention must be drawn to the 
distinction between infection and disease. The former is the entrance of 
bacilli into the body and the tissue reaction to the implantation of such 
bacilli at their first resting place which is perfectly compatible with good 
health; while the latter is the condition resulting from the activity and 
spread of the bacilli in and from their first location, such activity of 
the lesion producing clinically recognizable symptoms. This condition 
of arrested disease is comparable pathologically to the localized primary 
infection. For these reasons the discussion of types of infection must, 
to a certain extent, combine infection and disease. 
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Cases WITH Entry But No Inrection.—The tubercle bacilli may 
enter the body, be taken up by the lymphatics and be carried to the 
lymph-nodes, where they may remain for some time without causing 
tissue changes. Harbitz and Bartel, among others, have demonstrated 
that living bacilli may be present in lymph-nodes for a number of weeks 
without producing tissue changes. Whether the tuberculin reactions 
characteristic of infection were present is not stated. 

Cases WHERE INFECTION Is SLtigHT.—The frequency of tuberculous 
infection without producing definite symptoms is now accepted as being 
practically universal among city dwellers at least. The proof of this is 
arrived at in two ways: (1) by autopsy; (2) by tuberculin tests. Naegeli 
was the first to call attention to the universality of tuberculous infection 
in man as proved by autopsy. In 1900 he published the results of 
500 autopsies, in which he found that 97 per cent. of persons over eighteen 
years of age showed evidences of tuberculosis. Burckhardt later re- 
ported 91 per cent. of 1262 autopsies as showing evidences of infection. 
Similar though less startling percentages have been found by a number 
of investigators. It has been argued that autopsy findings do not 
represent a fair average, as autopsies are apt to be performed on the 
bodies of persons who have lived in the poorer and more thickly populated 
portions of large cities. Even if this criticism is just, and Naegeli himself 
combated it for his own material, and if we accept a much lower percent- 
age, it must be granted that tuberculous infection must be extremely 
prevalent if it is even possible to find, on gross examination such as that 
made at autopsy, more than 75 per cent. of the bodies infected. 

The tuberculin tests which can be carried out on the living and at 
different ages give us perhaps an even better idea of the prevalence of 
infection. Von Pirquet and Hamburger, in testing children in Vienna, 
found that by fourteen years of age over 90 per cent. reacted posi- 
tively; Mantoux, in France, found that 84 per cent. were infected before 
they reached the fifteenth year; Fishberg, in New York, found that 83.79 
per cent. of children of tuberculous parents and 75 per cent. of children 
of non-tuberculous parents gave positive reactions at fourteen years of 
age. These figures have been duplicated very closely by other investiga- 
tors, so that there can be no doubt of their correctness. 

All the tables of the various observers mentioned show that there is 
a gradual increase in the percentage of infection from birth onward, so 
that we can reason that as the child becomes older the opportunities for 
infection increase and with the increased opportunities the infection 
becomes more and more universal. If we grant that from 75 per cent. 
upward of adults are infected and that only 10 per cent. of the total 
mortality from all causes is due to tuberculosis, it is readily seen that 
in the great majority of persons the infection remains localized and 
causes no recognizable symptoms. This should be a source of gratifica- 
tion rather than the reverse, as it demonstrates clearly that the civilized 
human races possess a high degree of immunity to tuberculosis as a 
disease and that under ordinary conditions the vast majority of the species 
can localize their infection and render it harmless to themselves. 
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TypicaL Inrection.—F rom the standpoint of pulmonary tuberculosis 
the typical infection is one which gains entrance to the body in one of 
the methods already described, some hold before the fifteenth year has 
been reached. Then some one of the exciting causes becomes operative 
and the bacilli break loose from their investing tubercle and spread to 
the lungs, the apices usually first showing signs of this spread. From 
this apical lesion further dissemination takes place either by the lymph, 
the blood or the bronchi, the usual course being from above downward 
in the lungs, so that the apex shows the oldest lesions, the middle portion 
an intermediate stage, and the bases the most recent lesions. The infec- 
tion spreads from one lung to the other, frequently by way of the bronchi, 
so that in the last stages it may be impossible to tell which lung shows 
the earlier and greater involvement. Further spread to the pleura, the 
larynx and the intestines is also frequently seen, and the other organs 
of the body may be found to be involved in a certain number of cases. 
This is the pathological picture and course which corresponds to the 
clinical disease which will be described later. The variations which 
are possible are almost limitless and for this reason no two cases are 
found which exactly duplicate each other. In addition to the possible 
variations in the course of the disease itself, there are also marked 
differences in the reactivity of the host to the disease, which still further 
complicate the pathological and clinical picture. 

LocaL Inrections.—Tuberculosis of the lungs can rarely be described 
as a purely local disease, for its effects are found in practically all organs 
of the body, and in every case it should be considered as a general 
disease, with its chief manifestations in the lungs. Tuberculosis of 
the lungs should not be looked upon as a disease purely of the lungs 
any more than typhoid fever should be considered a disease purely of 
the intestines, or small-pox a disease of the skin. All are general in- 
fections having their chief manifestations In some one organ or tissue. 
While this general statement is true, we do find some cases of pulmonary 
tuberculosis in which the lesion is so localized that the symptoms are 
referable chiefly to these organs and their functions, but these cases 
are rare. 

The clinically arrested disease which produces no symptoms may 
be considered as a truly local infection. In contradistinction to the 
lungs, tuberculosis in some other organs has more tendency to be strictly 
local. The glands, bones, joints, testicles and skin can be cited as 
examples of this, but even in these cases 1t must be remembered that 
the infection has spread from some endogenous source, and they too 
should be considered both pathologically and clinically as diseased 
organs in a tuberculous individual. This point is extremely important 
from the standpoint of therapy, and the primary focus from which dis- 
semination took place must always be taken into consideration when 
treatment is undertaken. 

Mixep Inrections.—Formerly much stress was laid on the impor- 
tance of mixed infections in causing the symptoms of advanced pul- 
monary tuberculosis. Cavity, night sweats, hectic fever and profuse 
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expectoration were believed to be due to the action of secondary invading 
organisms. More recent investigations have shown that all these con- 
ditions—and in fact every symptom in pulmonary tuberculosis—can be 
caused by the tubercle bacillus alone. Even cavity formation has been 
produced in experimental animals as a result of a reinfection of the 
lungs of an animal already tuberculous. It is true that pyogenic bac- 
teria of various kinds are often found in the contents of cavities and in 
their walls, but these have probably been introduced there after cavity 
has taken place. It is also true that many cavities have been found 
at autopsy to contain the tubercle bacillus and no other organisms. The 
sputum of tuberculous patients usually contains a variety of other or- 
ganisms, mostly saprophytic, but some of which are members of the 
streptococcus, pneumococcus, staphylococcus or influenza groups. The 
mere finding of these organisms in the sputum or even in the lungs does 
not prove that they have an etiological connection with the symptoms 
or with the development of the disease. White and Avery have shown 
that only in rare instances does carefully washed sputum from phthisical 
patients contain other germs than the tubercle bacillus. 

Cultures from the blood of tuberculous patients have given contra- 
dictory results in the hands of different investigators, but the recent 
work of Avery and Lyall failed to show a single positive result in cul- 
tures taken from 110 patients. There is no reason why we should not 
find pneumococci causing lesions in a person with tuberculosis, but this 
should be looked upon as an associated condition rather than as a mixed 
infection. If a person can have gonorrhea and tuberculosis at the same 
time, he can equally well have pneumonia and tuberculosis, without the 
pneumococci influencing the development of the tubercle bacilli to any 
greater extent than do the gonococci in the former instance. A few 
years ago the influence of secondary organisms—particularly the pneu- 
mococcus—in the etiology of hemorrhages was insisted upon and vac- 
cines administered as a prophylactic measure, but the results have not 
been conclusive and the premises are open to doubt. 

Although the opinions about, and investigations on, the importance 
of mixed infections are so divergent, it is a fair conclusion that their 
influence on the symptomatology of pulmonary tuberculosis has been 
greatly overemphasized. At most, they play a very subsidiary réle to 
that of the tubercle bacillus. 

TERMINAL INFECTIONS.—Terminal infections occur in pulmonary tu- 
berculosis as in other diseases, but their practical importance is slight. 
The pneumococci, staphylococci, streptococci and colon bacilli may be 
found in the blood of phthisical patients shortly before death and in 
the various organs postmortem. 


SYMPTOMATOLOGY 


CuINICAL HIsToRY 


Period of Incubation.—Pulmonary tuberculosis differs from almost 
all the other infectious diseases in that there is no fixed period of incu- 
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bation before the development of symptoms and also in that, it is seldom 
possible to determine definitely the date of infection or to trace the 
source of this infection in more than a very general way. In the ex- 
anthemata, typhoid fever, typhus, syphilis and so forth, it is known that 
in a given time following infection symptoms of disease will make their 
appearance, while in tuberculosis, although we may know that a person 
has been exposed to infection or may even know that he is infected, we 
cannot foretell when he may develop the disease or whether this will 
develop at all. It is quite possible, and almost always the rule, for a 
period of latency, which may last for years, to intervene between in- 
fection and disease. 

It is probable that many cases of manifest adult tuberculosis arise 
from a loss of immunity permitting a latent childhood infection to flare 
up; but it seems equally probable that many cases are due to a more 
recent exogenous infection. It is most important, therefore, to look 
back over the early years of a patient’s life, to know the particulars 
of his health during childhood, of possible exposure to tuberculosis at 
that time, whether from parents, from brothers or sisters, from others 
with whom he has been associated, from dwellings which have been 
occupied by consumptives, rather than to lay stress on occasional contact 
with tuberculous persons within a short time immediately preceding 
the development of the symptoms of disease. It is for these reasons 
that the family history should be carefully investigated, the possibilitiéa 
of infection being much greater if one member of the family has the 
disease, than if no such source of infection is present. The intimate 
relationship between members of a family circle is the important factor 
in family tuberculosis rather than any hereditary tendency which is so 
often spoken of and emphasized. The whole question of infection has 
been discussed at greater length under the subject of Etiology. 

During the period of latency or incubation, there may be no symp- 
toms whatever and, except for various specific tests, it would be impos- 
sible to know whether a person were infected or not. Infection with 
the tubercle bacillus is not incompatible with perfect health and many 
persons harbor the bacilli somewhere in their systems from infancy to 
old age without being aware of their presence. On the other hand, the 
presence of bacilli in the organism, while not causing sufficient symptoms 
to make a person ill, may be just enough to keep him constantly below 
par, liable to contract mild respiratory infections, anemic, underweight, 
incapable of working without undue fatigue. This has been called 
by the French School the “ pretubercular’’ stage, a term which is wrongly 
used, as the condition is one of tuberculous infection which cannot 
actually be described as disease, but which may, and probably will, de- 
velop into more serious trouble later on if precautions are not taken to 
build up the patient’s strength. 

Of importance equal to a history of opportunity for infection at some 
previous time is a knowledge of the marital and social relations of the 
patient, of his habits, work and recreation, of possible mental strain 
or worry, and in fact of anything which may affect his health recently 
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or remotely. All these points must be inquired into carefully, as they 
may have a direct influence on the development of the present symp- 
toms. Just how this influence is exerted has been discussed in the section 
on Etiology and at this time it is only necessary to insist on their im- 
portance in investigating the history in any special case. 

Modes of Onset.— Many diseases have such a typical onset, as, for 
example, lobar pneumonia, that a diagnosis can frequently be made with 
a fair degree of certainty from a knowledge of the development of the 
patient’s symptoms, but in the case of pulmonary tuberculosis this is not 
so, and there is probably no other disease which may begin in such widely 
divergent ways or which presents such a variable symptom-complex. For 
this reason there is no typical mode of onset and we must be on the 
lookout for pulmonary tuberculosis in patients who consult us for symp- 
tons which frequently seem to have no apparent connection with the 

‘lungs. The reason for this is that the symptoms of pulmonary tuber- 
culosis are both local, having their origin in the respiratory organs, and 
general, due to the effects of the disease in the lungs on the system as 
a whole, and the onset may be characterized by the exaggeration of any 
one of this multiplicity of possible symptoms. In the majority of cases, 
pulmonary tuberculosis develops slowly and the onset is gradual, so 
that it is impossible to determine the exact date at which the patient 
first noticed that he was ill. Even in those patients in whom some one 
symptom has developed suddenly careful questioning will frequently 
reveal a preceding period of indefinite malaise or slight cough which 
has passed unnoticed. While this slow and gradual onset is character- 
istic for the majority of cases, it occasionally happens that the onset is 
sudden and acute, the symptoms appearing without warning in a previ- 
ously apparently healthy individual. It is difficult to classify definitely 
the modes of onset, for many patients will have a number of symptoms 
which appear simultaneously, or so nearly at the same time that their 
precedence cannot be established, but in a general way the onset can be 
brought under one of several headings. 

' _ _Insip10us OR LaTENT.—By far the greatest number of patients will 
show this mode of onset. They feel run down for some weeks or months, 
are tired out in the evenings after a normal day’s work; they have to 
force themselves to do what is ordinarily a pleasure for them; they 
cannot concentrate their minds as they formerly did. This last men- 
tioned disability is seen particularly in persons engaged in mental occu- 
pations. There is soon found to be a loss in weight, not definitely de- 
termined, but noticed by the fact that their clothes do not fit as snugly 
as formerly. The appetite, particularly in the mornings and evenings, 
is poor and may be capricious. These symptoms are often explained by 
the patients themselves as being due to extra work or to the season 
of the year, and they keep on trusting that they will soon be able to 
remedy conditions, and then to regain their strength. It is only when 
their disability becomes so pronounced that they can no longer keep 
up that they consult their physician. This insidious onset frequently 
precedes more striking symptoms, such as hemoptysis or pleurisy. 
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CATARRHAL.—This is characterized by cough which may be dry and 
hacking or may be accompanied by a slight expectoration that is fre- 
quently noticed only in the mornings. In some cases there is not a 
definite cough, but a constant tendency to clear the throat caused by 
the irritation of a small amount of secretion of which the patient is not 
cognizant. The beginning of the cough is often dated back to a cold 
or an attack of “‘grippe,” of which the acute symptoms abated in a few 
days, but the cough persisted. A diagnosis of bronchitis is frequently 
made and sedatives given which relieve the symptom, but only serve 
to delay the recognition of the true cause. In a considerable number 
of cases there is a history of repeated colds or of a cough which comes 
on with each succeeding winter for several years. The sputum may be 
small in amount and frequently overlooked or neglected, and only too 
often both patient and physician are amazed to find that, when this is 
at last examined, it contains tubercle bacilli. 

GLANDULAR.—In a certain number of cases, enlargement of the cervi- 
cal glands is the first symptom noticed and it is not uncommon to find 
patients, with other symptoms of pulmonary tuberculosis, who have 
on the neck scars of glands which have broken down at some previous 
time. Wallagren followed up 251 cases of scrofula which had been 
operated on. Of the living and dead, sixty-two had some form of 
tuberculosis in after life, forty-six had pulmonary tuberculosis. 

FistuLa-IN-ANo.—While the relationship of this condition to pul- 
monary tuberculosis is still a matter of debate, it is undoubtedly true 
that, in a good many cases, disease of the lungs is found in persons who 
seek advice for fistula or for the more chronic ischiorectal abscesses. 
Such a fistula or abscess 1s the first thing that attracts attention and sends 
the patient to a physician. 

Purvrist—Pain in the side, varying from a. slight discomfort to 
acute pain, is frequently the initial symptom of pulmonary tuberculosis. 
In some cases, the pain is transient, but is followed by the development 
of an effusion. These attacks of pleurisy may immediately precede the 
onset of other symptoms, or a considerable period of time, even years, 
may elapse before the patient finally develops other symptoms. A his- 
tory of pleurisy is often obtained by questioning a patient carefully 
and a definite connection established between this and the later symp- 
toms. 

Hemoptysis.—While this is frequently the apparent starting point 
of pulmonary tuberculosis, it often happens that indefinite symptoms 
have been present for some time previously, so that the onset cannot 
be said to date from the hemoptysis. However, in a few cases a pul- 
monary hemorrhage will suddenly occur in a person previously appar- 
ently in perfect health. This sometimes follows physical strain and 
may occur in athletic young persons during, or immediately after, an 
athletic contest. In such cases, the onset is truly sensational, as there 
has been nothing in the previous history to direct suspicion to the lungs. 

FrpriLe.—In_ghildren, particularly, the occurrence of fever, often 
Ciscovered_by_merest_chance, may be the on'y early symptom. Such 


cases are rare and there are usually other symptoms present. 
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ANEMIA.—More careful diagnosis has, at the present time, reduced 
the number of cases of true chlorosis and this is now recognized as being 
frequently only a manifestation of a latent pulmonary tuberculosis. 


The s toms of anemia are the prominent ones and may direct atten- 
tion to the lungs. Under this Fendine should be included the early 
menstrual disturbances. Amenorrhea, profuse bleeding, frequent men- 
struation or dysmenorrhea may be the earliest sign of pulmonary tuber- 
culosis in young women. 


TypHoip.—True typhoid fever is sometimes the starting point of later 
pulmonary tuberculosis, but in the majority of cases said to follow 
typhoid fever, this has been wrongly diagnosed and the condition was 
really one of acute tuberculosis coming on with symptoms resemblin 
typhoid. “Tn Chase séces Te ia often imposible to recognize by phyaiaal 
signs changes in the lung at the onset, and it is only after the typhoidal 
symptoms have subsided that the pulmonary signs develop. The 
temperature chart is often very suggestive of typhoid, but the fever 
causally has more marked fluctuations and does not come down to normal 
after three or four weeks, and the cough, which was at first ascribed to 
the bronchitis accompanying the typhoid, hangs on with increasing 


negative Widal reactions or blood cultures, should be looked on with 


eet Wi Patients with typhoid symptoms, but with persistently 


suspicion. This also holds true for all cases_of typhoid with atypical 
symptoms. Landouzy has described this class of case as “typhobacil- 


lose.”’ 
Ce al 


PNEUMONIC.—Pulmonary tuberculosis occasionally begins acutely 


with or without a chill, sudden rise in temperature, dyspnea and marked 
prostration, resembling very closely lobar pneumonia. Instead of by 


| 


crisis the temperature descends by lysis, but does not return to normal, 
and the signs in the lungs which may at first have been those of acute 
consolidation change to those of breaking down. This acute onset is 
seen most often in cases of so-called ‘‘galloping consumption,’’ but may 
also occur in cases which develop into the more common chronic_pul- 
monary t Osis. Sorgen te ee eager 

LARYNGEAL.— While laryngeal tuberculosis is usually secondary to 
disease in the lungs, the symptoms of the laryngeal disease_may some- 
times precede and mask those of the pulmmonasy infection, Aphonia, phonia, or 
transient hoarseness, is a frequent early symptom and may occur with- 
out definite tuberculosis of Fhe larynx. 


DicEsTIvE.—In some patients marked digestive disturbances, espe- 
cially associated with the function of the stomach, are caused by tuber- 
culosis of the lungs. These may be present before the cough, expectora- 
tion and other pulmonary symptoms make their appearance. It is not 
uncommon to find cough associated with gastric disturbances and this 
has often been termed a ‘‘stomach cough,’ and so treated. Diarrhea 
is sometimes an early symptom and this may be either a toxic condition 
or due to a tuberculous ulceration of the intestines which is secondary 
to tuberculosis of the lungs. While infection of both intestines and 
lungs may be present, the intestinal symptoms are the most prominent 
and lead the patient to seek relief. 
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NEURASTHENIC.—Changes in temperament, irritability, inability to 
concentrate mentally, introspection and other neurasthenic symptoms are 
occasionally the most noticeable symptoms of an early pulmonary tuber- 
culosis. 
~~ MatariaL.—In districts where malaria is prevalent many cases of 
pulmonary tuberculosis are wrongly diagnosed because of symptoms 
somewhat similar to those of malaria. Intermittent chills, or more often 
a chilliness without definite rigors, are sometimes found in earl - 
culosis, but are usually associated with other symptoms which should 
serve to differentiate the condition from malaria. 

PNEUMOTHORAX.—In very rare instances pulmonary tuberculosis is 
not suspected until the lung ruptures and a pneumothorax develops. 
While this is usually a complication of advanced disease, it occasionally 
occurs early, probably from the tearing of adhesions, and a certain 
number of cases of ‘idiopathic pneumothorax” will be found to be 
secondary to early apical tuberculosis. 

Objective Symptoms.—An examination of a patient suspected of 
having pulmonary tuberculosis should not be considered complete if 
only the lungs are examined, for it is necessary to investigate all the 
systems of the body. While pulmonary tuberculosis has its chief mani- 
festations in the lungs, its effects are general and symptoms and signs 
may be found in organs far removed and apparently unconnected with 
the primary seat of disease. Thus, a true estimate of any particular case 
can be made only by careful observation of the whole system to deter- 
mine to what extent and in what manner the local disease is affecting 
the general organism. It is necessary, therefore, to consider the symp- 
toms and signs which may be produced in the body as a whole. In this 
section we will discuss the signs produced by the disease in the lungs 
and leave for a later section signs and symptoms of tuberculous compli- 
cations in other parts of the body. 

Hapitus.—-Since the time of Hippocrates, it has been held by many 
observers that there is a distinct type of individual which is predis- 
posed to infection with, and development of, tuberculosis. The “hab- 
itus phthisicus”’ of this school of thought consists in the tall thin body, 
of fair complexion and delicate skin, through which the veins show 
prominently, blue eyes and attractive features. Recently, Goldthwaite 
has divided the human race into three types, the normal, the broad- 
backed herbivorous and the longer, more slender, carnivorous tyne, this 
last-mentioned type corresponding closely to the delicate consumptive 
habitus of older writers. Any one who has had a large experience with 
tuberculous patients will immediately recognize that no distinction of 
this kind can be made and modern investigations show that there is 
no type which is ipso facto predisposed to tuberculosis, but that it is 
the opportunity for infection, irrespective of type, which is the impor- 
tant factor in determining the incidence of tuberculosis. We find all 
types of individual with this disease: the tall, slender and delicate type, 
the large framed, rugged, athletic figures, and countless intermediate 
types. It is not at all uncommon to have patients present themselves 
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for examination who have broad chests, ruddy complexions and well- 
developed muscles, and to find well-marked signs in the lungs of such 
persons is often a shock to our preconceived ideas. Conversely many 
persons with flat chests and rounded shoulders, who are emaciated and 
would be called typical phthisical patients, will be found to have normal 
lungs. 

CoMPLEXxIon.—Blonds and brunets are, in general, equally affected. 
In a country where the prevailing complexion is blond, more blonds 
will be found to have tuberculosis than brunets, but in the southern 
countries where the Latin races dwell, the incidence of tuberculosis will 
in the same way be greater in persons of dark complexions. In this 
country with its admixture of types and races it is not found that the 
one or the other type of complexion is more liable to disease. 

Sxin.—In early stages, there is no change characteristic of the dis- 
ease to be found in the skin. Later on, in the advanced stages, the skin 
becomes atrophic, dry and wrinkled, but no more so than is found in any 


chronic disease accompanied by wasting. Vasomotor instability is a 
frequent manifestation and is shown by_sn_increased_setivity_of- the 
sweat grands, especially on nervous excitement, and also by flushing of 
the cheeks. This flushing is seen frequently after eating or on going 
from outdoors into a wart YoonL—The hectic dush, long thought to be 
characteristic of tuberculosis, but which is seen in other infections, is 
a manifestation of this vasomotor instability. Frequently, only one 
side of the face will be flushed and this is usually on the side correspondin 
to the lung with the most activity. Pityriasis versicolor is occasionally 
seen on the chests of patients who sweat profusely. In children, lichen 
scrofulosus, a skin eruption occurring on the trunk, buttocks, and thighs, 
is considered to be almost diagnostic of tuberculosis. Erythema nodosum 
is also looked upon as a manifestation of tuberculous poisoning. Edema 
of the subcutaneous tissues, especially of the feet and legs, occurs in 
the terminal stages of tuberculosis as well as in other wasting diseases 
accompanied by marked asthenia. 

THe Harr.—In early cases the hair is not characteristic, although 
long, fine, silky hair has been considered typical of tuberculosis infec- 
tion. We find coarse, strong hair just as frequently as we do this sup- 
posed peculiarity. In the late stages the hair becomes dry and brittle, 
a part of the general malnutrition. With prolonged fever the hair 
falls out, just as it does in other infections. 

Naius.—The finger nails and also the toe nails, though these are less 
often examined, are apt to be brittle and to show longitudinal ridges. 
In many cases they become curved in their long axis. This is most 


marked in persons whose fingers are Jong and tapering, a type of hand 
which is often seen in pulmonary tuberculosis. Fine pitting of the nails 
is rather frequent. Cyanosis may be observed under the nails before it 
appears elsewhere. The most striking peculiarity of the hands of 
consumptives is what is known as “clubbed fingers.”’ In this, the 


finger tips have a bulbous form, being broader than normal laterally and 
appearing shortened. This change in shape affects the soft parts of 
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the terminal phalanges, and, although usually considered as typical of 
tuberculosis, is seen in & more exaggerated form in other chronic pul- 
monary conditions, especially bronchiectasis. 

GLANDs.—In approximately 50 per cent. of patients presenting them- 
selves for examination, some enlargement of the cervical or axillary 
glands will be found. Of more importance in diagnosis is an enlarge- 
Be a re which is not uncom- 
monly found in cases of apic risy. The presence of scars in the 
neck, the result of operations for enlarged glands or of old. discharging 
sinuses, is less common, but points to the fact of a previous infection 
nearly always tuberculous. 

Muscies.—In early and acute pulmonary tuberculosis the muscles 
of the neck and souls: girdle are apt to be tonically contracted 
(Pottenger’s sign), corresponding to the spasm of the abdominal muscles 
seen in acute inflammatory conditions in the abdomen. At this stage 
the muscles of the affected side are firmer than those of the opposite side. 
This, together with a possibly similar condition of the diaphragm, explains 
to a great extent the relative lack of expansion of the chest which is noted 
on the diseased side in early cases. Associated with this hypertonicity 
of the muscles is the phenomenon known as ‘‘myoidema.” This is a 
fibrillary contraction of the muscle which is excited by percussion of the 
overlying skin. Though not diagnostic, as it is found in some persons 
of nervous temperament, it is suggestive of intrapulmonary disease. 
Later on, when the disease becomes more chronic, the muscles which 
showed a hypertonicity become wasted and show a lack of tone.. This 
localized wasting of the muscles may give rise to the sunken supra- 
clavicular fossa, and the flattening seen below the clavicle in well-marked 
cases. As the disease progresses, the muscles of the whole body show 
the effects of malnutrition and become small and atrophied. 

Eyrrs.—The examination of the pupils is of interest. It is not 
uncommon to find a difference in the size of the two pupils. In unilat- 
eral disease, in apical pleurisy and in enlargement of the tracheobron- 
chial lymph nodes the pupil on the affected side may be larger than the 
opposite one. In aiated disease or in patients who are losing ground 
the pupils are apt to be large and dilated. 

CyaNnosis.—This is quite commonly seen to a limited degree. It is 
especially marked in the hands which are dark red and cold. The feet 
also have poor circulation and many patients have difficulty in keeping 
them warm. Chilblains are of common occurrence in cold weather. 
The use of hot water bags and bottles, hot stones and electric heating 
pads has an undoubted influence in their production. When broncho- 
pneumonia develops, cyanosis of the lips is a marked feature of the 
disease picture. It is also seen in some cases in the terminal stages 
where dyspnea is severe. It is, however, remarkable how the system 
can accommodate itself to the loss of the greater part of the breathing 
surface of the lungs without the appearance of cyanosis except in the 
nails, where it usually first appears. 

ANEMIA.—This is discussed under the heading of blood changes. A 
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certain amount of pallor of the skin and mucous membranes is very 
commonly seen. After severe hemoptysis there is often a marked anemia 
for some days. 

CARDIOVASCULAR SYSTEM.—(a) Heart.—Brehmer stated that a small 
heart was one of the predisposing factors to tuberculous infection. At 
autopsy the heart is found to be small, but this is due to brown atrophy 
of the heart muscle, the result of toxic absorption and the general muscle 
wasting. The small heart must be looked upon as the result rather 
than the cause of the infection. The right side of the heart is sometimes 
enlarged and dilated from the increased resistance in the pulmonary cir- 
culation. With this dilatation a relative incompetence of the pulmonary 
valves may be present and if found is of grave prognostic significance. 
Displacements of the heart to one or the other side are of frequent occur- 
rence. Such displacements are caused by fibrosis and contraction in 
one lung, by the formation of large cavities, and by adhesive pleurisy, 
the whole mediastinum being drawn over to the affected side. Con- 
versely, the heart may be pushed from its normal position by accumula- 
tions of fluid in the pleura or by gas pressure in spontaneous or artificial 
pneumothorax. Pleuropericardial adhesions either from the pericardium 
to the lung or from pericardium to diaphragm are frequently found, par- 
ticularly by X-ray examinations. These may give rise to murmurs asso- 
ciated with the heart’s beat which are at times very difficult to inter- 
pret. Reduplication of the second pulmonic sound is not uncommon, 
and a murmur over the subclavian artery is heard quite frequently. In 
anemic patients a soft systolic murmur often occurs at the apex. When 
a large cavitv lies near the heart, peculiar noises may be heard. A 
rhythmic irregularity of the heart 1s often produced by these adhesions, 
the frequency being increased during inspiration and lessened during 
expiration. Tachycardia is a very frequent symptom of tuberculosis, 
in fact, it is present in the majority of cases and is often of great diagnostic 
importance. As the disease becomes quiescent and often long after the 
temperature has fallen to normal, the heart’s action becomes slower. 
Continued tachycardia is of at least as great importance in treatment 
and prognosis as is fever. Sometimes quiet and slow walking exercise 
will regulate the heart’s action, but it should always be used with care. 
The slowing of the pulse is a favorable sign and a persistently rapid 
pulse the reverse. The blood-vessels themselves do now show any 
changes. It has been stated that tuberculosis and arteriosclerosis are 
antagonistic to each other, but this is really explained by the different 
ages at which the two conditions are found. In elderly persons who 
develop pulmonary tuberculosis it is the rule to find about the same 
amount of arterial thickening as would be found in persons of corre- 
sponding age, but without tuberculous infection. 

(b) Blood-pressure.—It cannot be stated as a general rule that in all 
stages of tuberculosis a condition of hypotension exists but when it does 
this hypotension is secondary usually to the tuberculous process. Norris 
quotes Thayer’s figures which are as follows: 
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Age Normal Tuberculosis 
10 to 20 128.7 100.38 
20 to 30 136.9 101.0 
30 to 40 140.8 94.0 
40 to 50 142.2 105.5 
50 to 60 154.8 105.0 
60 180.0 114.0 


In estimating the blood-pressure it is important to remember that 
a single reading is not sufficient to decide whether the pressure is low 
or normal, but the readings must be repeated a number of times. Hypo- 
tension bears a direct relationship to the amount of toxemia and so 
varies at different stages of the disease. While some observers, particu- 
larly the French School, give a great deal of importance to hypotension 
in the diagnosis of tuberculosis, this symptom should be used with care 
and more as a corroborative finding than one on which too great stress 
is laid. From a prognostic standpoint, a return to normal of a pre- 
viously low pressure is a good sign, but is not of great practical impor- 
tance as the same conclusion may be arrived at by other signs with equal, 
if not greater certainty. It is said that physical exertion causes a lower- 
ing of the pressure and that this occurs in advanced cases when the 
patients change from a recumbent to a standing position. This fact 
might be of some use in diagnosis, but is not sufficiently corroborated to 
be of practical utility. There is a divergence of opinion as to the rela- 
tionship of pulmonary hemorrhages to blood-pressure, but it must be 
remembered in making statements on this subject that the pressures in 
the systemic and pulmonary circulations vary independently of one 
another. The effect of high altitudes on the blood-pressure is an impor- 
tant question from the standpoint of therapy. High altitudes cause a 
slight fall in arterial pressure. Clough’s readings, taken at 5000 feet, 
were practically identical with those at sea-level. On the other hand, 
Peter’s readings on tuberculous patients, taken at 6000 feet, appear to 
show that their pressure was higher than in similar patients at a lower 
level. It is probably true that the effects of altitude are not due to 
changes in blood-pressure. 

DIGESTIVE SysTEM.—The tongue presents few or no peculiarities as 
a result of tuberculosis of the lungs, unless there is some derangement of 
the stomach or intestines, when it will be coated as in ordinary cases of 
indigestion. In advanced stages, the tongue is often red and shining 
with the furrows plainly seen and appearing exaggerated. The tonsils 
are frequently somewhat enlarged, and the fact that 5 per cent. of 
rie cular toncils have ican shows by Crowe to present histological evi- 
dences of tuberculosis points to this as one of the points of entrance of 
the tubercle bacillus into the system. Disorders of digestion, though not 
uncommon, are by no means the rule in pulmonary patients and it Is 
often amazing to find how these patients will digest and assimilate large 
quantities of food without any discomfort, even while taking little or 
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no exercise. Anorexia and nausea will be described under the Sub- 
jective Symptoms. Impairment of the function of the stomach is seen 
particularly in the advanced stages and may be due to organic changes, 
as chronic gastritis or congestion of the mucosa, toxemia and fever, to 
indiscretions of diet, particularly to the ingestion of large quantities of 
food, to swallowing the sputum and most frequently to a reflex condition 
brought about by intestinal tuberculosis. Any of these causes may 
produce anorexia, nausea, vomiting or distress even amounting to actual 
pain in the epigastrium, flatulence and acid eructations. Advanced 
cases often show a diminution of the gastric ferments and hypochlorhy- 
dria is frequently found. A distinct loss of motility is not uncommon, 
probably being a part of the general muscular weakness and loss of tone 
found in all muscular organs, as well as in the skeletal muscles. This 
diminished motility results in the development of a dilatation which in 
turn leads to an aggravation of the digestive symptoms and an increased 
tendency to fermentation. Gastroptosis occurs in many patients, par- 
ticularly if the disease is advanced. The importance of a good digestion 
cannot be overestimated and it is one of the bulwarks of successful treat - 
ment. Conversely, a disordered digestion adds greatly to the difficulties 
of treatment and to the gravity of the outlook. Intestinal indigestion is 
fairly frequently met with but this is usually due to involvement of 
the bowels. Dull pain or discomfort, flatulence and intestinal rumblings 
with either constipation or diarrhea are the main symptoms. 

Urinary System.—Nephritis of a chronic form is not infrequently 
found as a complication of advanced pulmonary tuberculosis. Its pres- 
ence is made clear by the ordinary urinary findings. Uremic symptoms, 
vomiting, epigastric pain, headache or even coma, are sometimes seen 
as a result of this condition. In some cases an increase in dyspnea may 
be due to uremia, and not to the disease in the lungs. Amyloid disease 
of the kidneys is not common. A weakness of the sphincter at the neck 
of the bladder is fairly frequently found in women in the late stages and 
the inability to retain the urine, particularly when they cough, is often 
a distressing symptom. 

THYROID GLAND.—This is found to be symmetrically enlarged in 
some early cases, but its significance has not been determined. In more 
advanced cases, there is sometimes a temporary swelling of the gland 
which is tender on pressure. The chief interest is in differential diag- 
nosis between tuberculosis and exophthalmic goiter. 

METABOLISM.—Body temperature increases the heat production, as 
in other diseases, but this increase may be less in an emaciated patient 
than it would be in a robust person with an equal temperature. In 
early pulmonary tuberculosis the metabolism, calculated from the body 
surface, is usually unaltered but it may be increased as much as 50 to 
75 per cent. with high fever. The respiratory quotient is usually normal. 
Oxidation is not reduced by the usual reduction in lung volume except 
in advanced cases. Digestion and assimilation in cases uncomplicated 
by intestinal tuberculosis and with a correct diet are normal. Intestinal 
amyloidosis may lead to fat diarrhea. Protein may be lost in purulent 
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sputum to a degree which may be a drain on nutrition. In fever most 
of the heat is derived from carbohydrates, tissue protein destruction 
resulting not from the fever but from toxic influences which, in a diet 
high in carbohydrates and low in protein, increases the minimal nitrogen 
secretion. Nitrogen balance may be maintained in many cases with sixty 
to seventy grams of protein a day. Since protein, through its specific 
dynamic action, leads to increased pulmonary ventilation, too much 
protein may be harmful. Early cases without fever may show a balanced 
nitrogen intake and output but febrile cases almost always show a dis- 
tinct loss of nitrogen. Among the other evidences of destruction of 
tissue proteins by toxins are increased excretion of purine nitrogen, 
creatinine, proteic acid, organic phosphorus, neutral sulphur and potas- 
sium. Albumosuria is often seen. There is no evidence of ‘‘demineral- 
ization” or loss of inorganic elements. The blood calcium is normal 
and there is no particular loss of this salt. Silica and phosphorus 
metabolisms are not altered. 

Subjective Symptoms.—Pulmonary tuberculosis is a disease which 
produces its chief manifestations in the lungs, but its effects are not con- 
fined to these organs and are felt in every part of the body. This does 
not mean that tuberculous changes are always found in other organs, 
but that during the development and progress of the disease something 
is given off from the tuberculous focus, which is absorbed by the lymph 
and blood and by this means is carried through the whole system, pro- 
ducing symptoms and changes in other organs, which though not spe- 
cifically tuberculous are none the less important. It is the sum total of 
these changes, both in the lungs and in the body in general, which gives 
us the symptom-complex of pulmonary tuberculosis. This combination 
of local symptoms, those actually produced at the site of the pathological 
lesion in the lung, and of general symptoms, those produced by absorp- 
tion of substances from the lung focus on other organs, makes pulmonary 
tuberculosis one of the most protean of diseases in regard to its symp- 
tomatology. In one case it may be that the pulmonary symptoms pre- 
dominate, while in another it is the general symptoms which are the most 
conspicuous, and the two cases, while having the same disease, will thus 
present a totally different symptomatology. In considering the symp- 
toms of a disease like pulmonary tuberculosis it is necessary to remem- 
ber that the symptoms of an early case will differ both in kind and in 
degree from those of an advanced case, and also that the symptoms in 
any given case will vary as the disease progresses, either towards healing 
or in the opposite direction, so that we are very unlikely to find all 
symptoms in one patient at any one time. The pathological course of 
even a single tubercle, and the gross lesion in the lungs is made up of a 
number of microscopical tubercles, is not constant, and four processes, 
proliferation, exudation, necrosis and healing, may be present in varying 
degrees. The symptoms will naturally vary according as one or the 
other process prevails at the time. The location of the disease in the 
lung must also have an influence upon the symptoms present and this 
also varies in different patients. Thus tubercles located subpleurally 


398 PULMONARY TUBERCULOSIS 


will have pain for their chief symptom, while if these lie around a blood- 
vessel, hemorrhage is apt to be the result; or again, a mass of disease 
pressing on a large bronchus may cause incessant cough and if the 
focus is deeply situated in the central part of the lung the symptoms 
may be chiefly those of absorption. Practically, symptoms must be con- 
sidered as a whole and in their relation one to the other and to the 
signs found, rather than individually, if we wish to form a fair estimate 
of any case. 

CoucH.—This is usually the first symptom and is rarely, if ever, 
entirely absent throughout the course of the disease. It has been said 
that without cough there is no pulmonary tuberculosis, but, while this is 
in general true, there are occasional cases in which the cough is absent 
or so slight as to escape notice. Absence of cough should always be con- 
sidered an important point against a diagnosis of pulmonary tuberculosis. 

The early cough may be more apparent to family and friends than 
to the patient himself and frequently there is at first nothing more than 
a tendency to clear the throat, noticed especially on rising in the morning. 
The cause of this early cough has been variously ascribed to different 
conditions, such as congestion of the larynx, pleurisy at the apex and 
bronchial irritation, particularly in the region of the bifurcation of the 
trachea. There is no one kind of cough which is characteristic of tuber- 
culosis and it may be dry or loose, hard or easy, high-pitched or deep, 
depending on the nature and situation of the lesion. Sometimes the 
cough is paroxysmal, resembling whooping cough, but without the whoop, 
and this is generally associated with enlargement of the tracheobronchial 
glands and consequent pressure on the trachea or large bronchi. At 
first, the cough may be present only in the morning, and this morning 
cough or clearing of the throat is one of the last symptoms to disappear. 

Change of position such as assuming a recumbent position often pro- 
duces cough. Night cough is frequently very troublesome and disturbs 
the patient’s rest. Lying on the affected side very frequently produces 
spells of coughing, due possibly to the increased movement of the base 
of the lung which is on the lower side of the body. This increased 
movement has recently been emphasized by Bushnell and may be seen 
fluoroscopically. Patients who are free from this symptom at other 
times will cough and raise during and after meals. Talking, particularly 
if loud, laughing and excitement are all cause of increased cough in 
sensitive patients. Exertion, which is accompanied by deep breathing, 
is also a factor in stimulating the cough. This influence of deep breathing 
is frequently observed during the physical examination of patients and 
has been noted by many observers. Changes of external temperature, 
as In going from a warm room to the cold air out of doors, often makes 
patients cough, particularly if they are feeble. The reverse is also true, 
but is less marked. The cough associated with pleurisy is dry and 
hacking. 

In the late stages, when large cavities are present or when the bronchi 
communicate with a pneumothorax cavity, the cough may have a ‘“‘hol- 
low”’ quality and the presence of such cavities can sometimes be diag- 
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nosed by the character of the patient’s cough. Frequent hard coughing 
often results in considerable pain which is due to the stretching of pleural 
adhesions or to muscular strain. The abdominal muscles, particularly 
in the epigastric region, are often quite sore and tender on pressure 
from this cause. The results of excessive coughing may be quite severe. 
Tachycardia is often a result of this. It is very common to have nausea 
or actual vomiting produced by severe coughing. This is seen not 
only in the late stages of the disease where the expectoration is copious, 
but also in the early stages where the cough is unproductive, but results 
in gagging and emesis. This nausea and vomiting has frequently led 
to a diagnosis of ‘‘stomach cough,” both by the patient and physician, 
and gastric sedatives are given for relief of the symptom. In patients 
who are weakened by disease, particularly women, coughing may cause 
involuntary emptying of the bladder or even defecation. The bad 
effects of severe cough are seen in patients with hernia or prolapse of 
the uterus, both of which conditions are aggravated by it. In the lungs 
themselves emphysema may be a result df hard and prolonged cough 
which probably also plays some part in the production of pneumothorax. 
Hyperemia of the lungs must be caused by coughing and this may, 
potentially at least, lead to a spread of the disease. It is probable 
that in some cases hemoptysis is due to violent spasms of coughing. 
When the expectoration is profuse, the inspiratory phase of the cough 
may draw the sputum into healthy lung tissue and so cause a dissemina- 
tion of the disease. Patients will often complain of an unpleasant 
crackling, bubbling or rattling in their throats, especially noticeable on 
lying down, which makes them cough or clear their throats. This is 
probably due to some secretion in the bronchi, through which the air 
bubbles during respiration. 

Just as cough is one of the earliest symptoms, it is also one of the 
last to disappear, and many patients will have more or less cough for 
the rest of their lives, even when they are otherwise well and able to 
work and earn their livelihood. 

EXPECTORATION.—As a symptom expectoration is closely related to 
cough and much of what has been said about cough can be applied to 
this associated symptom. Expectoration is rarely as early a symptom 
as cough, but appears later in the disease. Probably no cases are free 
from more or less expectoration throughout their course, although many 
patients will deny its existence. This may be due to the unconscious 
swallowing of the sputum or it may be swallowed knowingly either 
from a desire to escape observation or from a false feeling of delicacy 
about expectorating. Women are not the only offenders and men are 
frequently equally guilty in this respect. Young children rarely expec- 
torate, even when they have advanced disease in the lungs. In the ad- 
vanced stages of the disease, patients are often too weak to raise their 
sputum and there is no more distressing sight than a patient with a 
loose, bubbling cough, who is, on account of debility, unable to rid 
the bronchi of the sputum. In some cases, the lungs are filled with 
moderately coarse rales and yet no sputum is raised, even though the 
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patients are robust. In such cases, there must be an absorption of 
sputum and apparently few ill-effects are produced by this absorption. 
In other cases, where there has been an abundance of sputum and this 
is retained for one reason or another, the retention is accompanied by 
fever and other symptoms. At first the sputum is scanty and mucoid 
in character, but as the disease progresses it becomes more abundant 
and mucopurulent. A pure purulent sputum is significant of cavity 
formation, bronchiectasis or pyopneumothorax, and is usually a late 
symptom. The sputum may be expelled easily, and some patients do 
not even have to cough to raise large amounts, but in other cases the 
sputum is tenacious and is expelled only with the greatest difficulty. 

The amount of expectoration varies greatly, both with the stage of 
the disease and with its nature, but no definite rules can be given for 
this, and no safe deductions drawn. The amount also varies diurnally; 
usually it 1s expectorated in greatest amount in the mornings, and 
many patients will have their only sputum at this time, raising it with 
the morning cough and then being free until the next day. Some pa- 
tients will expectorate small amounts throughout the day, while others 
expectorate mostly during the night. When cavity is present a large 
amount of sputum may be expelled at one time and from then until 
the cavity again fills up there may be freedom from expectoration. 

As with cough, eating, laughter or change in temperature may cause 
the patient to expectorate. It is often noticed that a change of climate 
or a change of habits from an indoor life to one out of doors will tem- 
porarily increase the expectoration. The most profuse expectoration 
is seen in cases with bronchorrhea, cavity, pyopneumothorax com- 
municating with the lung, and in ulcerative laryngeal lesions. The 
sputum may continue for months or years after apparent arrest of the 
disease and many ex-patients will have slight morning expectoration 
indefinitely. The character, appearance, constituents and examination 
of the sputum are discussed under the heading of Laboratory Findings. 

Hemoptysis.—This is generally associated in the lay mind with pul- 
monary tuberculosis, but only too often physicians will try to allay the 
fear of their patients by assuring them that the blood comes from a 
“broken blood-vessel in the throat’’ and, in many cases, the patient 
accepts this explanation with the result that time is lost in establishing 
the diagnosis. Blood spitting is variously estimated as occurring in 
greater or less amount at some time in the course of the disease in from 
20 per cent. to 80 per cent. of cases. This discrepancy may be explained 
by the fact that the figures were obtained from different classes of 
patients which were not fairly comparable. Probably, an average of 
from 50 to 60 per cent. of patients with pulmonary tuberculosis will 
show this symptom during the disease. 

The statement has often been made that a hemorrhage is a good sign 
and that patients who have hemorrhages do better, in the aggregate, than 
those who never spit blood. There may be slight truth in this dictum 
but hemoptysis must be looked upon as a grave symptom and one which 
may be followed by very unpleasant results. About the only cases for 
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which hemoptysis is a distinct benefit are those in which this is the 
first or one of the earliest symptoms. In these cases, such a striking 
and alarming onset compels the patient to seek medical advice with the 
result that many early diagnoses are made, while, without the hemor- 
rhage, the disease would have developed slowly and become well estab- 
lished before the patient finally gave in and consulted a physician. 

Hemorrhage may occur at any stage of the disease from the very 
earliest symptom, through the incipient and moderately advanced stages, 
to the far advanced; and it is occasionally the last chapter, for in about 
1 per cent. of patients the termination of their illness is the direct and 
immediate result of a profuse hemorrhage. The amount of blood is 
also variable within wide limits, from a mere streaking or discoloration 
of the sputum to a quart or more of pure blood. It must be remembered 
that the amount expectorated is not an index of the total amount which 
escapes from the bleeding vessel, as some is always retained in the lungs. 
Sometimes more is retained than is expectorated, and a certain amount 
is usually swallowed into the stomach. Thus patients occasionally die 
of a pulmonary hemorrhage, the blood filling the lungs and literally 
drowning them with little or no hemoptysis. When the blood is only 
in streaks in the sputum, the cause is probably a capillary oozing from 
hyperemic areas or from the bronchial mucosa. The more usual cause 
of hemorrhage is an erosion or ulceration of a blood-vessel by the actual 
tuberculous process. This is the cause in those cases in which we see 
pure blood expectorated in amounts of from a teaspoonful to several 
mouthfuls, which may be repeated at varying intervals of time. The 
most profuse hemorrhages are brought about by destruction of the lung 
tissue which leaves the blood-vessels unsupported, so that these rupture 
or aneurysmal dilatations occur, which later rupture, giving rise to large 
and uncontrollable hemorrhages. 

There is yet much unexplained about the etiology and occurrence of 
pulmonary hemorrhage, for many patients will go through the whole 
course of the disease, eventually succumbing without ever having the 
least trace of bleeding, but presenting the same clinical signs, and having 
the same care and treatment as others who have repeated hemorrhages. 
Just what is the reason for this, why some patients have hemorrhages 
and others have none, is still unexplained. As exciting causes, physical 
exertion, mental excitement, severe coughing, vomiting, trauma and so 
forth may be mentioned. Any condition which raises the blood-pressure 
is potentially a cause of hemorrhage from a vessel weakened by disease 
in the surrounding tissues or in Its walls. There are many cases, how- 
ever, in which no such cause can be assigned and in which the hemorrhage 
comes on during rest, which has been maintained for a long time pre- 
viously. In many patients, the bleeding begins during sleep and fully 
as large a number of hemorrhages occur in patients who are in bed or 
take no exercise other than walking from their beds to a reclining chair 
on a porch, as occur in patients who are exercising and leading a fairly 
normal life. While we must assume that the activity of the disease is 
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the primary cause of hemoptysis, the immediate factors which bring 
on a hemorrhage cannot be definitely stated. 

There seems to be a certain periodicity in the occurrence of hemopty- 
ses, both in individual patients and in general. The late winter and 
early spring are possibly the time of greatest incidence, although no 
barometric influence has been satisfactorily proved. In women the 
menstrual periods are particularly likely to be the time of pulmonary 
hemorrhages, and it is a common experience to find some female patients 
who spit blood regularly every month for a considerable period of time. 
Some work has been done in an endeavor to prove a causal relationship 
between pulmonary hemorrhage and secondary infections, particularly 
with the pneumococcus, but the results are not conclusive. 

As a rule there are no premonitory symptoms to give warning of 
a hemorrhage, but at times we may have suspicions that these will occur. 
Occasionally a patient will have blood-tinged sputum for some hours or 
days before actual hemorrhage occurs. The temperature may rise and 
cough increase or there may be a sensation of tightness in the chest due 
to congestion or acute inflammatory process, but as often as not these 
symptoms pass off without any subsequent bleeding and a prediction 
that such will occur is more or less guesswork. In the majority of cases 
the blood comes without warning. The patient feels a gurgling in 
the throat, has a tendency to cough, and notices a salty taste in his 
mouth. This is followed immediately by a gush of blood from the mouth 
or the expectoration of more or less pure blood or sputum mixed with 
blood. This may be repeated several times and then an interval elapses 
before more comes. After the actual bleeding stops at its source, bloody 
sputum and later blood clots, varying in color from dark red to black 
according to their age, will be spit out. 

No one symptom is more terrifying to the patient, except possibly 
pneumothorax, and it is usual to find him in a state of extreme nervous- 
ness, with anxious expression, although some of the more phlegmatic 
patients seemn quite unaffected by a hemoptysis. The pulse is usually 
rapid and if the amount of lost blood is great it may be weak and running. 
There is pallor of the mucous membranes, partly from nervousness 
and partly from anemia, but in large hemorrhages marked cyanosis 
may be present. Auscultation, not uncommonly, shows the lung, from 
which the blood is coming, to be filled with coarse bubbling rfles which 
may also be present on the opposite side if the blood has been aspirated 
into the other lung. It is frequently impossible to be sure from which 
Tung the blood is coming when the disease is widespread and it is seldom 
justifiable to subject the patient to the exertion necessitated by an 
examination to decide this point, unless some therapeutic measure, such 
as artificial pneumothorax, is necessary to control the hemorrhage. 

The immediate results of a pulmonary hemorrhage are variable. Fre- 
quently, after the bleeding has stopped, nothing further is noticeable. 
Usually, there is some fever which may be due to the absorption of 
retained blood. Bronchopneumonia of greater or less extent is not an 
infrequent result. This is caused by the aspiration of blood into the 
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lung parenchyma. If this is slight, the symptoms will be few and 
unimportant, but if extensive these are alarming and a fatal result not 
uncommon. The fever rises, maintaining a high level and not showing 
the daily fluctuations characteristic of tuberculosis. The respirations 
increase, pulse becomes rapid, the face has an anxious expression, the 
ale nasi dilate with respiration, cyanosis is usually marked, the lips are 
dry, the tongue is furred and the breath foul-smelling. These symptoms 
are of the gravest omen and death usually results in from ten days to 
two weeks after the hemorrhage. 

The remote results, even in the absence of the development of pneu- 
monia, are not infrequently serious. There is often a spread of the dis- 
ease from the original focus. The X-ray will frequently show mottling 
of varying extent where the lung was previously clear, even when change 
is deep-seated and not demonstrable on physical examination. In fact 
the X-ray picture closely resembles that shown by miliary tuberculosis 
except that the mottling does not extend to the periphery of the lung. 
Often the beginning of a steady and rapid downward progress dates 
from a hemorrhage which may not have been of large amount. We 
must come, therefore, to the conclusion that a pulmonary hemorrhage, 
while rarely immediately fatal, is a serious symptom and one which is 
accompanied by many unpleasant and dangerous possibilities. 

Pain.—This is not one of the prominent symptoms of pulmonary 
tuberculosis, but there are few patients who do not have more or less 
pain at some time during their illness or convalescence. This is due to 
the fact that there are no sensory nerves in the lungs and what pain is 
felt. is for the most part caused by changes in the pleura. Patients often 
complain of a dull ache or discomfort in the affected side, but this may 
be noticed on both sides even when the disease is limited. Substernal 
pain, which is sometimes of a burning or boring character, may be caused 
by pressure of enlarged tracheobronchial glands. Severe and prolonged 
cough may also cause pain which is felt in the sternal region, in the 
epigastrium, in the abdominal and intercostal muscles. 

The bronchitis which may accompany pulmonary tuberculosis is often 
the cause of pain or a feeling of ‘‘rawness’’ felt in the middle of the 
chest or extending over both lungs. The main source of pain lies in 
the pleura and when this is acutely inflamed, breathing, cough or change 
in position will markedly increase it. The typical pleurisy pain is 
sharp and stabbing and is usually felt over the diseased area. It is 
often so acute as to cause loss of sleep. It may be referred to a spot 
some distance from the actual lesion, as along the intercostal nerves to 
the axilla or front of the chest or to the abdomen. If the pleurisy is 
diaphragmatic, the pain may be felt in the shoulder or neck and even 
down the arm of the side affected. Sometimes localized pain and definite 
tenderness is felt over a developing or recently formed cavity, due 
to the spread of the inflammatory process of the pleura. After adhesions 
have developed, there is considerable discomfort or dragging pain which 
often comes on during cold and damp weather, and which may last for 
years after other symptoms have abated. Pain and tenderness over one 
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or two of the dorsal spines is due to enlargement of the bronchial glands 
and was first described by Petruschky as “‘spinalgia.’”’ A sudden sharp 
pain, accompanied by dyspnea and often by collapse and a feeling of 
dread, is frequently the first symptom of the development of a pneumo- 
thorax. It must be remembered, however, that pneumothorax may come 
on without this classical onset and there may be no pain at all to draw 
attention to the collapse of the lung. 

VoicE CHANGES.—Hoarseness and changes in the voice are frequently 
early symptoms of a pulmonary tuberculosis. This occurs even without 
involvement of the larynx. Simple laryngitis may, of course, be present 
in tuberculous patients. The hoarseness which is found in early cases 
without laryngeal disease is usually transient and often comes on after 
talking or muscular fatigue, which occasionally produces a complete loss 
of voice, but this is rare. The change in voice may be produced by 
general muscular weakness or by anemia of the larynx. The presence of 
mucus and sputum may prevent the closure of the vocal cords and with 
‘the expulsion of this secretion the voice again becomes clear. Patients 
who are debilitated by long disease often have weak and husky voices. 
A paresis of the recurrent laryngeal nerve may be caused by apical 
disease or apical pleurisy, or enlarged bronchial glands may press on 
the nerve as it ascends along the trachea. 

DyspnEa.— While usually present to a certain degree, this is rarely 
complained of by the patient and it is often only by close cross-ques- 
tioning that its presence can be ascertained. While this is true in the 
majority of cases, in advanced stages or in the presence of complications 
this may be the chief complaint. The amount of dyspnea varies greatly 
in different patients and at different stages and the degree is in no way 
indicative of the extent of pulmonary involvement, some cases with 
extensive disease showing remarkably little while others with small areas 
of involvement have much shortness of breath. 

The limitation of the breathing surface of the lungs is usually cited 
as the cause of dyspnea, but this is not the only factor which is oper- 
ative. Probably of much greater importance is the rapidity of the 
development of the disease. If any considerable amount of lung tissue 
is rapidly rendered unavailable for respiration, and the system does not 
have time to adapt itself to the new condition, the dyspnea is intense. 
This is seen in the air hunger of pneumothorax and the shortness of 
breath which accompanies rapidly developing pleural effusions. In 
contradistinction to this picture we can see the relative comfort, as re- 
gards respiration, of patients, who have much less breathing surface, 
but in whom this diminution has come on gradually. 

In the early stages increased respiration is seen only on exertion, 
such as walking up-hill or ascending the stairs. Later on, dyspnea is 
produced by slighter exertion, and in the late stages even turning over 
in bed or talking may lead to alarming shortness of breath, although 
even in these patients the respirations may be quiet as long as there is 
no exertion. Emotional causes and excitement play a large part in 
the production of dyspnea. A rise in temperature is often accompanied 
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by dyspnea, but not to the same extent as in many other diseases. 
Toxemia probably influences respiration. In many cases of artificial 
pneumothorax, although the lung capacity is thereby decreased, dyspnea 
disappears owing to the lessened absorption from the diseased lung. 
The condition of the heart has an influence on the respiration, particu- 
larly if there is dilatation of the right side, but it is difficult to separate 
this as a cause from the pulmonary disease which produced the dilatation. 
If the patient develops an acute bronchitis the secretion in the bronchi 
may cause embarrassment of respiration. Marked dyspnea is often seen 
following hemorrhage from the lungs. This is due, either to retained 
blood which fills the air spaces, to an aspiration pneumonia or to an 
advancement of the disease. 

As the disease progresses, fibrosis in one part will probably lead 
to emphysema in another, and for this reason an increasing shortness 
of breath may be quite compatible with healing disease. Most arrested 
cases will have some permanent shortness of breath if the disease has 
been of any considerable extent. 

Frver.—Of all the general or systemic symptoms of pulmonary 
tuberculosis none is more important than fever. While some cases may 
run their course without any fever, by far the greatest number will, at 
some time or other, show some degree of fever if careful investigation 
of this is made. In order to determine whether fever is present or not, 
in any given case, it is necessary to know what is a normal temperature. 
This has been variously estimated to be from 98.5° to 99.2° F. (36.9° to 
37.3° C.) for the maximum temperature at any time of day, but it is safe 
and probably correct to consider 98.6° F. (37° C.) as the normal maxi- 
mum when taken by mouth, and to investigate carefully any tempera- 
ture above this, although it must be granted that some persons, espe- 
cially women, will show a temperature slightly above 99° F. (87.2° C.), 
while in normal health. It must also be recognized that normally there 
is a diurnal range of 1° to 2° F. (0.55° to 1.1° C.), the lowest temperature 
being present in the early morning hours. There are three methods by 
which the temperature may be recorded, by the axilla, by the mouth, 
or by the rectum. The temperatures recorded by the axilla are from 
0.6° to 1° F. (0.33° to 0.55° C.) lower than those taken in the mouth and 
the rectal temperatures are approximately as much above the oral 
readings. The axillary method is seldom if ever used in routine work. 
The rectal is more accurate, and subject to fewer confusing influences 
as long as the patient is bed-fast, but on account of its inconvenience, 
it is not practical for ambulant patients, and, unless it be for some special 
purpose, it is preferable to use one method for all patients. For these 
reasons the majority of physicians who treat tuberculosis have adopted 
the oral readings and these are quite reliable if a few simple precautions 
are observed. Iiven with the best thermometers, it 1s necessary to have 
these held in the mouth with the bulb under the tongue close to the 
frenum, with the lips closed, for five minutes or longer. If the tempera- 
ture is to be taken out of doors, the lips should be kept closed for fifteen 
minutes before inserting the thermometer. This is particularly true 
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for mouth breathers and we often find that, after walking, many patients 
cannot obtain a normal reading:taken by the mouth. The drinking of 
liquids, either cold or hot, will influence the mouth temperature for some 
time. Cold foods and sucking ice have a definite influence. Smoking 
may also alter the readings. As it is necessary to have the patients 
record their own temperatures, if they are not under the care of a nurse, 
they must be carefully instructed how to do this and told of the possible 
errors. 

While it is the rule that the temperature will be lowest on waking 
in the morning and highest between four and eight in the afternoon, 
for diagnostic purposes and in special cases it is necessary to record 
the temperature every two hours if we wish to obtain a true picture. 
The morning temperature should always be taken immediately on 
waking, before getting up and moving around, and particularly before 
the toilet, including brushing the teeth, is performed. Only in this 
way can we get a true minimum for the day. Physicians will have 
individual preferences as to the other hours at which the temperature 
is to be recorded, but the writer has found twelve noon, four P. M. and 
eight p. M. to be satisfactory and convenient times in the average case. 
A word of warning about the thermometers used may not be out of 
place. Many of those on the market are not absolutely reliable. 

The cause of fever in pulmonary tuberculosis is undoubtedly the 
influence on the heat-regulating center of the brain of products absorbed 
from the diseased area. Much has been written about the fever caused 
by secondary infecting organisms, but their influence has been overrated 
and it may be said that a pure tuberculous infection can cause any type 
of fever found clinically in pulmonary tuberculosis. The fever curves 
in tuberculosis are extremely variable and there is no one curve that 
can be called typical. In general, in active or progessive disease, there 
is a diurnal variation which is greater than normal, the minimum being 
found in the early morning and the maximum in the late afternoon or 
evening. The fever tends to increase with the stage of the disease, the 
average being higher in moderately advanced cases than in incipient, 
and higher again in the far advanced stages than in the moderately 
advanced. But here again there is no regularity, for many cases with 
small early lesions will show high fever while some far advanced cases 
with extensive disease will have little or no elevation of temperature. 
In the condition of the lesion itself and the absorptive capacity of the 
surrounding tissues is to be found the explanation of these phenomena. 
Again, fever usually indicates an active progressive process with breaking 
down of lung tissue; but on the one hand, we may find signs of spreading 
disease and cavity formation without fever, and we may also find fever 
without progressive disease, probably caused by absorption of the con- 
tents of old cavities or caseous foci. 

One characteristic of fever in tuberculosis is that it often produces 
none of the symptoms usually associated with fever from other causes 
and we quite commonly see patients walking around with a temperature 
of 100° F. or over who are quite unaware of its presence. This is 
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probably due to the fact that the system has become accustomed by habit 
to a higher temperature and so accepts this altered condition without 
noticeable reaction. On the contrary, many patients can tell when they 
have even a rise of a fraction of a degree and others feel a distinct 
stimulating effect from an elevated temperature. 

The temperature of tuberculous persons is distinctly labile and is 
influenced by many minor causes. Exercise, mental excitement, the 
emotions and sexual intercourse will usually cause a rise, temporary or 
protracted. Eating a hearty meal is usually followed by a rise and, 
for this reason, a temperature taken from thirty minutes to an hour 
after eating should not be considered a true index of the daily tem- 
perature. The morning temperature is frequently lower than in normal 
persons and this is particularly seen on cold days when it is not uncom- 
mon to find 96° F. (35.6° C.) or even 95° F. (85° C.) or lower on awaken- 
ing. A return to a higher morning temperature is to be considered a 
good sign provided this is within normal limits. A temperature of 
98° F. (36.6° C.) or over in the early morning some hold is often indicative 
of fever, just as much as is an elevation of temperature above normal 
in the afternoon. 

Persistent subnormal temperatures are often found following a 
course of fever and should be generally looked on as indicating impaired 
vitality. Subnormal temperatures are also sometimes found after severe 
hemorrhages, and are quite common in meningitis, and a few days before 
death. Occasionally a reverse fever or typus inversus is found in which 
the morning temperature is higher than the evening. These cases are 
usually very ill and the prognostic significance of such a temperature 
curve 1s grave. 

The temperature chart not infrequently shows periodic rises of 
greater or shorter duration and these must be looked upon as indicating 
a renewed activity of the disease or of a spread to new tissues, although 
this 1s so commonly seen as to be almost the rule. Rise in temperature 
is found accompanying acute exacerbations of the disease, cavity forma- 
tion, the development of bronchopneumonic patches, following hemor- 
rhage, and with pleurisy cither plastic or with effusion. An acute rise in 
temperature often means a spread of the disease, although no signs of 
this can be discovered for from ten to fourteen days later, by which time 
the temperature may again be normal. The explanation of this lies in the 
fact that the development of histological changes is a process requiring 
some days before these are pronounced enough to be detected. In 
women, it is very common to find a rise in temperature either just 
preceding or much more rarely during the menstrual period. Every rise 
in temperature in a tuberculous person Is not necessarily due to a tuber- 
culous complication, and digestive disturbances, respiratory infections 
and other causes will often explain such fevers. It will be seen from 
what has been said that, while fever is a most important symptom in 
tuberculosis, it is very variable and to draw correct conclusions from it 
requires care and knowledge and investigation. 

CuILLs.—These are not a common symptom in any stage of pul- 
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monary tuberculosis. Occasionally, they occur in early disease and this 
has frequently led to a wrong diagnosis of malaria, particularly if the 
patient comes from a malarial district. In the later stages, these are 
more common, sometimes occurring with a fair degree of regularity. 
The chills come on with the rise of temperature and thus usually occur 
in the morning but may occur at any time. Although definite rigors 
are uncommon, a sensation of chilliness or even shivering is very frequent 
in the early stages of fever. Complications may be ushered in with a chill. 

SWEATING.—This is more common, particularly at night, in tubercu- 
losis than in any other disease and to the majority of persons the exist- 
ence of night sweats is synonymous with tuberculosis. Night sweats are, 
however, found in acute septic infections, with influenza, and with other 
conditions. An increased tendency to sweating is very common in 
pulmonary tuberculosis and perspiration is more profuse following 
exertion or nervous excitement than in normal persons. It is a common 
experience when examining patients to have the sweat roll down from 
the axille in large drops. Patients often apologize for their moist hands 
which is only another example of this free functioning of the sweat 
glands. Night sweats are sometimes an early symptom and frequently 
send a patient to the physician before other symptoms would have done 
so. These also occur during febrile exacerbations, but it is in the 
more advanced stages of the disease that night sweats are most common. 
In the second or moderately advanced stage, sweating is often present 
at night, but at this stage it is usually of short duration and easily 
controlled by regulating the patient’s life. These night sweats vary 
in degree from a moisture of the head, chest or arms to a profuse sweating 
which drenches the night clothes and bedding. These attacks frequently 
come on shortly after going to sleep, but are most common in the early 
morning hours. Occasionally, they occur whenever the patient falls 
asleep whether by day or night. In the far advanced stages, the sweating 
is most profuse and most troublesome, disturbing the sleep and being 
intractable to treatment. In the terminal stages, the dyspnea and air 
hunger are accompanied by profuse sweating, so that the exposed parts 
of the body are cold and clammy. The cause of the sweating is probably 
a vasodilatation which is produced by absorbed poisons. As it usually 
occurs at the time of a falling temperature, it is comparable to the 
sweating stage which follows a chill from any cause. Night sweats 
occasionally occur in patients who have little or no fever, but usually 
are associated with high temperatures. 

Loss or STRENGTH.—This is an early symptom in the majority of 
cases and frequently exists for a long time before other symptoms make 
their appearance. Those who have had tuberculosis know how, for 
months before they finally gave in, their ordinary work was a labor and 
how they had to spur themselves on to finish the day, and having got 
through an ordinary day’s occupation, they were quite ready to sit 
around in the evening and rest, without ambition to enjoy themselves as 
was their custom. Although these patients sleep well, they wake in 
the morning unrefreshed and have to force themselves to begin again. 
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This fatigue is usually most marked in the afternoon corresponding to 
an unrecognized slight rise in temperature. The loss of strength is 
progressive and increases as the disease gains headway. It is found 
even in patients in whom the musculature is good and many of these 
will say that while they are strong they cannot sustain any effort and 
soon tire. Occasionally, though tired during the day, they seem stimu- 
lated in the evening and feel this symptom less at this time. A com- 
parable mental languor is noted in many brain workers who find that they 
can concentrate their minds less easily than formerly. This symptom of 
physical and mental fatigue is probably toxic in origin, and its disap-_ 
pearance under treatment is always a favorable sign. The writers have 
frequently found that patients will keep up and stick to their work until 
forced to stop and that once they give in they feel the effects of cumula- 
tive fatigue, so that they complain that they are more tired after they 
begin to rest than while they kept going. In the late stages of disease, 
where there is great wasting of the muscles, diminished strength is a 
marked symptom. This is so extreme, in some cases, that the patient is 
unwilling to make an effort even to get better and asks to be let alone. 

SLEEP.—Insomnia is not a frequent symptom of pulmonary tubercu- 
losis and is often to be attributed to extraneous causes. Cough will 
frequently keep a patient awake, as will also night sweats. The fatigue 
which has just been mentioned is often so marked that a patient com- 
plains that he is “too tired to sleep.’”” Some patients, however, find it 
difficult to get to sleep and when they do, their sleep is disturbed by 
dreams which are usually unpleasant. Others go to sleep readily, but 
waken in the middle of the night and lie awake for hours. On the 
contrary, many patients sleep well and require much more sleep than 
normally. It is not uncommon to find patients who will sleep ten hours 
or more each night and then take a nap for a couple of hours in the 
afternoon. The effect of change of climate cannot be denied, in many 
cases, and the more stimulating climate of higher altitudes often seems to 
cause insomnia, although other patients sleep better in the mountains 
than at lower levels. 

WeicuT.—Loss of weight is a common and important symptom, so 
common, in reality, that emaciation, with fever and cough, form a triad 
of symptoms which in the lay mind, at least, is sufficient to make a 
diagnosis of tuberculosis. The common terms consumption and phthisis 
are an expression of the importance of this symptom. There are few 
cases, if any, which do not at some time in their course show more or less 
emaciation, and one of the early signs, though one which often passes 
unnoticed for some time, is a slight and progressive loss of weight. The 
fact that a patient who comes for examination is below the normal weight 
for a person of his height should arouse suspicion of a tuberculous in- 
fection. Occasionally persons with early tuberculosis are stout and well 
nourished, but these are exceptions to the general rule. It should be 
remembered that there is no type of habitus which is incompatible with 
a tuberculous infection. Loss in weight is usually progressive with 
advancing disease, although a temporary gain with change in climate, 
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change in form of treatment or even a change in physicians is not un- 
common. The general rule may be made that steady loss in weight is 
an unfavorable sign, while a steady increase is of favorable prognostic 
significance. 

The advanced case usually shows the typical picture of emaciation. 
The cheeks are sunken, cheek bones prominent, the neck long and thin, 
the chest shows to a marked degree the ribs and intercostal spaces, the 
hands are wasted and the metacarpal bones prominent, the fingers 
appear long and in general the whole body emphasizes the bony frame- 
work. The most extreme cachexia is seen in elderly people, in cases 
of “galloping consumption,” and in cases with intestinal disease as a 
complication. 

In some patients with moderately acute disease, who are under- 
going treatment, the weight is well maintained for a long time. The 
wasting is usually first seen in the subcutaneous fat, later in the muscles 
and finally all organs of the body are involved with the possible exception 
of the liver, which is frequently found to be large and fatty. All parts 
of the body are not always equally affected and we frequently find the 
face retaining its shape while the extremities are much wasted. Other 
patients will have thin legs while their arms remain well nourished, and 
still others seem to keep their abdominal fat at the expense of the rest of 
the body. 

The cause of loss in weight is probably a toxemia, but other factors 
must also be considered. These are increased metabolism, due to the 
fever and activity of the disease, imperfect assimilation of nutrition, 
and also the poor appetite which means a lessened supply of food to 
meet the increased demands of the body. In patients with active 
disease who still exercise, the loss in weight is very rapid. 

An increase in weight is almost invariable in peysons who are pro- 
gressing favorably and if this gain is regular and fairly steady it must 
be looked upon as one of the surest signs of improvement. A spasmodic 
gain of a few pounds is not of such importance and may not mean any- 
thing. Many patients, and physicians also, consider that gain in weight 
is the aim of treatment and forget that this gain is only a sign of general 
improvement and a thing which will occur of itself with lessened activity 
of the disease and improved nutrition. To gain weight while on exercise 
is very favorable, and some patients do not gain until they are allowed 
to walk. The increase in weight which is produced by forced feeding, 
and which may occur even while the disease is still active, is often not 
only useless, but actually harmful. These patients may become fat, but 
they are soft and flabby and increased weight thus caused is rapidly lost. 
The majority of patients who are improving will regain what weight they 
have lost and then continue to increase until they are above their previous 
average. It is remarkable that many persons retain this increase even 
after they return to their work, but as a rule there is a loss of a portion 
of the increase. The majority of patients do not gain in weight steadily 
and the cause of increase shows a seasonal variation. The greatest 
increase takes place in the autumn and early winter, while during the 
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spring and summer there is usually a falling off whieh corresponds to the 
normal weight curve in healthy persons. 

ANOREXIA.— The loss of appetite, while usually considered as a diges- 
tive symptom, is to be looked upon more as a general symptom and is 
frequently present, quite apart from any derangement of the digestive 
system. It is frequently slight or absent in the early stages, but often 
becomes more marked as the disease advances, until in the late stages 
the appetite is wholly gone and it is only with an effort that the patient 
can compel himself to take nourishment. This distaste for food must be 
considered as one of the causes of the symptom just described as loss 
of weight. With an improvement in the general condition, and as the 
disease becomes quiescent, the appetite returns; and it is surprising to 
see how many patients who are confined to their beds will look forward 
to their meal times, and when food is brought to them will literally clean 
their dishes. If the disease is active, it is usual to find the appetite 
impaired, and while some patients will feel hungry before meals, the 
appearance of food is repugnant and they are unable to eat it, owing 
to a feeling of nausea provoked by the sight of food or by the first few 
mouthfuls. The appetite for meals is frequently interfered with by the 
morning and afternoon lunches and the writers have often found that, 
when discontinued, good meals are eaten and relished. Loss of appetite 
is frequently not constant, and it is often found that breakfasts are the 
poorest meals while dinner and supper are looked forward to. This is 
often due to the nausea produced by the morning cough and expectora- 
tion, but sometimes other explanations must be found. On the other 
hand, breakfast is, in many cases, the best meal while the appetite is 
poorer later in the day when fever is present. Some patients eat well 
even when they have high fever, and, occasionally, in the late stages, 
a condition of bulimia or rapacious hunger is seen. This is usually 
associated with disease in the intestines. The appetite may be capricious 
and a dislike for certain forms of foods, particularly fats, exists. There 
may be a craving for some foods and sometimes patients will ask for 
things generally considered as most indigestible. One cause of lack of 
eating is the dysphagia accompanying laryngeal tuberculosis, the patient 
being afraid to eat on account of the anticipated pain. In general, a 
good appetite is of favorable prognostic significance and if a person can 
eat well the outlook is bright. 

NausEa.—As a result of coughing or gagging in the attempt to raise 
sticky expectoration, nausea is very frequent at all stages of the disease. 
This is often accompanied by actual vomiting and, if the coughing occurs 
during the act of eating, the vomiting may take place without any feeling 
of nausea, and when the patient is finished vomiting he will be ready to 
eat again. Nausea and vomiting probably also occur as a result of 
toxemia and are most often seen in progressive disease. Nausea is also 
frequently the result of overeating and will disappear when the diet 
is regulated. 

Tue BowreuLs.—Functioning of the bowels in many cases is perfectly 
regular, but more frequently we find a certain degree of constipation 
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present, which is largely the result of lack of exercise and the sedentary 
life of the patients. In advanced cases, with marked weakness, the 
large bowel, being a muscular organ, participates in the general weakness, 
and the regulation of the bowels is often a difficult matter. Constipation 
may, at times, occur with intestinal tuberculosis. Diarrhea of a tempo- 
rary nature is found in the early stages and must be considered as toxic 
in origin. Milk may cause looseness of the bowels. Persistent diarrhea, 
which does not respond to treatment, is a very suggestive sign of tuber- 
culosis of the intestines. 

HEADACHE.—This is not uncommon, but there is nothing character- 
istic about it. It occurs most commonly with fatigue and, for this 
reason, should probably be looked upon as a toxic manifestation. Severe 
and persistent headache occurs as a symptom, often the earliest, of 
meningitis and should arouse suspicions of this complication. 

SEXUAL SyMPToMs.—It is generally held and stated that the sexual 
desires are stimulated and exaggerated in persons with tuberculosis and 
that this is due to some tuberculo-toxin, but of this we have no proof and 
clinical observation cannot confirm or negative this belief. If such 
stimulation is present, it is probably due to the lack of physical exercise, 
the rich diet, and the proximity of male and female patients which occurs 
in many health resorts and sanatoria. The sexual desire is usually 
retained in even the far advanced stages. Menstrual irregularities are 
very common and amenorrhea or delayed menstruation is frequent in 
early stages. Dysmenorrhea is also common, and profuse and frequent 
menstrual periods occur in the moderately advanced cases. An absolute 
amenorrhea occurs in the later stages. A return to normal, as regards 
menstruation, is always a favorable symptom. 

MENTAL SyMptToms.—-These are variable and difficult to estimate in 
any particular case. Neurasthenia, introspection, and irritability with 
loss of mental control and inability to concentrate the mind are com- 
monly seen. The cheerful disposition and optimism or “spes phthisica,”’ 
so often described, is by no means universal and, when present, is prob- 
bably to be accounted for by the chronicity of the disease and its cyclic 
character, periods of improvement and exacerbations of symptoms 
being so frequent that the patient does not realize that the last stage 
has been reached from which there is no improvement to be looked for. 
The writers have frequently noted that patients with abdominal disease 
are much less hopeful than others whose disease is confined to the lungs. 
Actual mental disease, mania and melancholia, are rare symptoms, but 
occasionally occur, and it is remarkable how few suicides are reported 
among patients with tuberculosis. 


PuHyYsICAL FINDINGS 


In order to make a satisfactory examination of the lungs there are 
certain general conditions to be observed. In the first place the examiner 
should not be rushed for time, and, for this reason, it is better to have 
a patient return a second time, if other patients are waiting. Lack of 
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time and hurrying through an examination are the causes of more erro- 
neous diagnoses than lack of knowledge or skill in examining. It is also 
important to have quiet in the examining room. Outside noises not 
only mask the lung sounds, but distract the attention of the examiner. 
Unless the patient is very ill, chest examinations are more easily made ‘ 
with the patient sitting up than lying down. In any case, the patient’s' 
muscles should be relaxed and not held rigidly. The most convenient 
seat for the patient, from the examiner’s viewpoint, is a revolving stool 
without a back. On this the patient sits facing the examiner, with hands 
resting easily on the thighs and shoulders held somewhat back, but not 
to such an extent that the muscles are contracted. When the front of 
the chest has been examined, the patient can swing around on the stool 
and the examination of the back proceeded with. When the back is 
being examined, the scapule should be thrown well away from the 
vertebral spines. To accomplish this, the arms may be crossed with 
the hands on the opposite shoulders or the shoulders allowed to fall 
forwards and the back bowed. In either position, muscular relaxation 
is imperative. The patient should sit in front of a window, the light 
coming from behind the examiner and falling evenly on both sides of 
the chest. A side light is a distinct disadvantage. 

It is necessary to have the patient stripped to the waist if a proper 
examination is to be made. This procedure causes no inconvenience to 
male patients, but women are sometimes bashful about removing their 
clothing. A little tact, in explaining the need of thorough examination, 
will usually overcome this feeling of delicacy, and the use of a shawl 
or cape which can be kept over the shoulders and back during the 
examination of the front of the chest, and which can then be reversed for 
examination of the back, is not only a mental help, but,also keeps the 
patient from becoming chilled during the examination. 

The extreme diversity of pathological changes which may be found 
in the lungs of phthisical patients gives rise to a corresponding diversity 
of physical signs, so that it is impossible to describe typical cases. It is 
necessary to emphasize this fact and the examiner must proceed with an 


“open mind, noting all changes from the normal which are found, and at 


the conclusion of the examination, form an opinion which is based upon 
the total abnormal picture, rather than upon any one or two signs found. 
The following methods of conducting an examination of the chest must 
be used: inspection, palpation (including mensuration), percussion, 
auscultation and X-ray. 

Inspection.—The importance of inspection of the chest in the exam- 
ination of patients for pulmonary tuberculosis has been greatly over- 
estimated by many writers. While there are certain abnormalities to 
be found, and some signs which may give a suggestion of underlying 
disease, there are many cases in which the external signs may be most 
misleading. We frequently find tuberculosis of the lungs in chests which 
are apparently normal in form and size, well developed, and with even 
and normal respiratory excursion, while conversely, many chests, which’ 
correspond to what was formerly described as being a part of a tuber- 
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culous diathesis, contain lungs which are free from any signs of intra- 
pulmonary trouble. Even when a chest is asymmetrical, showing marked 
differences on the two sides, it must be remembered that these changes 
may be due to conditions not associated with the lungs, as occupation, 
greater muscular development on one side than on the other, trauma, 
rickets, respiratory difficulty in childhood from adenoids, or to conditions 
in the subcutaneous tissues, as cervical ribs, subcutaneous tumors, 
lipomata especially, or congenital absence of parts or the whole of various 
muscles. The position of the patient or the direction in which the light 
falls on the chest may also give rise to apparent differences which dis- 
appear when the position is altered. There are, however, certain things 
which should be noted and taken into consideration, and which are 
revealed by inspection of the chest. 

The first point is the form of the chest. In early cases, there is little 
if any change from the form before the development of the disease in 
the lungs. These chests are well formed, may be broad or narrow, flat 
or round, with muscles well-developed and subcutaneous tissues con- 
cealing the intercostal spaces. The well-formed chest may not be altered 
by the disease, and if this runs an acute course, the full rounded chest 
may still be found when a fatal termination takes place. The ‘paralytic 
thorax,’’ formerly considered as typical of the phthisical patient and 
as predisposing to the development of disease, is in many cases rather 
the result of long standing disease. In this type, the thorax is long and 
narrow, flattened in its anteroposterior diameter, the clavicles are promi- 
nent, the scapule stand out from the back, giving the appearance of 
rudimentary wings, the so-called ‘‘alar scapule,”’ the ribs slope markedly 
downwards and the intercostal spaces are wide. It is often noted that, 
with improvement, the thorax becomes deeper and wider and the ribs 
assume a more horizontal position. In emphysematous patients, the 
thorax will be found to be of the well-recognized barrel shape. 

Unilateral changes are, on the whole, more important than the type 
of the whole thorax. The affected side may show a drooping of the 
shoulder, a hollowing of the supraclavicular and flattening of the infra- 
clavicular fosse, with muscular wasting of some or all the thoracic 
muscles. In early cases, these changes, if present, are not due to altera- 
tions in the lung itself, but are caused by changes in the tonicity of 
the muscles. Later on, the changes may be caused by fibrosis and 
contraction of the lung, by pleural thickening or by cavity. Localized 
prominence of one side may be due to pleural effusion or pneumothorax. 
More or less scoliosis of the lower dorsal spine is not uncommon, the 
convexity of the curve being away from the diseased side. This in 
itself exaggerates the differences in the two sides. Where there has been 
disease of long standing at one apex, with an acute dissemination later 
in the opposite side, the changes in the thorax will be more marked on 
the side of the older disease and such changes have frequently caused a 
misinterpretation of the signs. Where there has been a well-marked 
unilateral tuberculosis in early life, there is often a poorly developed 
osseous structure on that side. 
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Observation of the respiratory movements should also be made. The 
rate of respiration is usually not much altered in early cases at rest, 
but later on the rapidity is increased. In miliary and acute cases, 
particularly of the pneumonic type, the rate of respiration is greatly 
increased. The motility of the two sides is often different, the movement 
on the diseased side being limited, beginning and reaching its maximum 
later than on the healthy side. The expansion is sometimes uneven and 
jerky in character. The respiratory movements of the chest may be best 
seen by standing behind the patient and looking down on the anterior 
chest wall. In early cases, this limitation and retardation of movement 
is due not to decrease in the size of the affected lung, but to muscular 
changes and nervous irritation. 

Other points, to be noted on inspection, are the location and extent 
of the cardiac impulse. This is frequently seen over an area greater than 
normal as the lung is retracted by fibrosis. The apex impulse is also 
often displaced to one side or the other according to the alteration in the 
position of the heart caused by changes in the volume of one or the 
other lung. Dilatation of the superficial veins is seen over the upper 
part of the chest in some cases of enlarged bronchial glands and over 
areas of thickened pleura which interferes with the venous circulation. 

In females, the breast of the affected side is sometimes smaller than 
the opposite one and the nipple and areola less pigmented. Occasionally 
also the nipple is lower on the affected side. 

Littens’ Phenomenon.—With the patient lying in a good light and 
the observer standing above him, a shadow is seen descending on full 
Inspiration from the seventh to the ninth rib. This recedes on expiration. 
When any physical condition, such as pleurisy with effusion, pneumo- 
thorax, thickened pleura and so forth, which interferes with the full 
expansion of the lung, is present, this shadow is not seen. It is of little 
clinical value. 

Mensuration has at various times and by various observers been 
emphasized as of importance in the examination of patients. As a rule, 
the same results can be obtained by other methods and mensuration 
is now little practiced and is of slight practical value. The circum- 
ference of the chest at rest is said to be one-half of the height of a normal 
person, and a lesser circumference in proportion to the height is there- 
fore supposed to be a sign of inherent weakness and poor development. 
When we take into consideration the great variety of normal types, 
it will be seen that this statement cannot be depended upon for practical 
purposes. Measurements of the difference in circumference of the 
chest in iftspiration and expiration as an index of lung capacity are 
distinctly misleading, and the expansion of the chest does not indicate 
the amount of air received into the lungs. One reason for this is the 
fact that it does not take into consideration the influence of the dia- 
phragm in respiration, and also the fact that some persons breathe 
almost entirely from the abdomen, the thorax remaining practically 
immobile during respiration. The use of a cyrtometer to show thoracic 
asymmetry has been advocated by some. An increase in the size of the 
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tracing shown by this method is said to indicate improvement, and a 
decrease, a progress in the disease. Fibrosis, which is a process of 
healing, may cause a decrease in the size of the tracing. 
Palpation.—This is, probably, the least important of the five majn 
methods of examination, but if carefully performed may give valuable 
information. In cases where the signs on inspection are not definite, 
many of these can be confirmed or negatived by palpation. Thus the 
movements of the chest as a whole, the comparative movements of the 
two sides, fullness of one side as compared with the other, the nature 
of such fullness, whether intrathoracic or in the thoracic walls, the 
position and extent of the apex beat and cardiac impulse may be con- 
trolled and more exactly determined by palpation and inspection than 
by either of these methods alone. Pottenger has drawn attention to 
the importance of palpating the muscles of neck and thorax by what 
he terms “light touch palpation.’”” The muscle to be examined is lightly 
grasped between the thumb and index finger and these are moved 
backwards and forwards along the muscle, sliding the skin with the 
fingers. In early cases, the muscles of the affected side are in a condition 
of increased tone, and feel firmer and more resistant than those of the 
opposite side. In advanced disease, the reverse is the case and the 
muscles in the neighborhood of the disease are more flabby and softer 
than normally. The vocal or tactile fremitus has a certain importance. 
This is investigated by placing the hands flatly and lightly on the two 
sides at corresponding points. Sometimes, this can be more delicately 
investigated by palpation with the thenar surface. In rare instances, 
firm palpation is necessary. With the hands in place, the patient is 
instructed to phonate slowly and deeply two or three numerals, usually 
‘‘nine, nine, nine.’”’ This method of investigation is of little use in the 
majority of female patients, and in patients in whom disease of the 
larynx makes loud talking impossible. The fremitus over the right apex 
both in front and behind, and over the right interscapular region, is 
normally more marked than on the left side. For this reason, if the 
fremitus is equal at the two apices, the right must be diminished or the 
left increased. Vocal fremitus is increased in cases of consolidation of 
the lung where the main bronchi are patent, as in tuberculous consolida- 
tions and in pneumonia. Over cavities it may be either increased or 
diminished. It is ordinarily diminished when the bronchi are occluded, 
‘as by secretion, by pressure of enlarged tracheobronchial glands, by new 
growths or by aneurysm. It is also diminished when the lung is separated 
from the palpating hand by fluid or air, as in effusions or pneumothorax. 
In some cases of artificial pneumothorax, fremitus is markedly increased. 
A thickened pleura will cause a diminished fremitus. Pleural and 
pericardial friction are occasionally palpable and rhonchi can also at 
times be felt. Enlarged glands, cervical, supraclavicular and axillary, 
hould be looked for, and are much more often palpable than visible. 
reas and points of tenderness may be located by palpation. The 
points of exit of the cutaneous branches of the intercostal nerves are 
tender in intercostal neuralgia and frequently in plastic pleurisy. Occa- 
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sionally, localized areas of tenderness are said to occur over recently- 
formed cavities, if these are near the surface of the lungs. The chest 
over purulent effusions is often quite tender. Painful cutaneous points 
over the spines of one or more of the dorsal vertebree may be found in! 
some cases of enlarged bronchial glands. This phenomenon has been 
called by Petruschky “‘spinalgia.”’ 

Percussion.—There has been much debate as to the relative values 
of percussion and auscultation in the detection of early tuberculous 
changes in the lungs; but much of this discussion is purely academic 
and the practical conclusion is that both have their value, and that 
neither should be neglected in any examination. In order to obtain 
information of value from percussion, it is necessary to follow out a 
careful technic and to recognize several possible sources of error. The | 
position of the patient should be one with relaxed muscles, sitting or! 
standing erect, with the head in the median line. The writers have found. 
that changes in the percussion note are more easily brought out with| 
the patient erect than in a prone position. The breathing should be 
quiet and not deep. On full inspiration, the note is more resonant than 
on expiration. For this reason, it is wise to compare the note on the two 
sides and the same side during the same phase of respiration, and fre- 


_ quently an area of slight impairment will be obliterated, and the note 


have a resonant tone, if percussion is performed during inspiration. 
In cases of doubtful impairment, percussion should be done while the 
lungs are held in complete expiration and then again during full inspira- 
tion. In comparing the note on the two sides one should elicit the 
resonance over rib with rib and interspace with interspace. 

It must be remembered also that the lungs move slightly under the 
chest wall during respiration. Thus during inspiration the lung is filled 
with air, while during expiration the amount of air is less and so the 
note will be different, but with the pleximeter finger held on the same 
spot on the chest wall we will also percuss different parts of the under- 
lying lung at varying phases of respiration, both of which facts may 
help to account for many of the difficulties and varying results of per- 
cussion in early cases. 

Another source of error is explained by the fact that the right apex | 
normally has a slightly higher percussion note than the left. The 
muscular development of the two sides must be taken into consideration 
in this connection. Percussion should be very light in the majority of 
instances in the examination of the anterior aspects of the apices. This 
is particularly true if the lesions are superficial. Posteriorly a slightly 
heavier ae is necessary. With deep-seated lesions, 5 cm. or 
more from the stifiace, heavier percussion is necessary and this is also 
true in stout persons or in those with well-developed muscles, but in 
these cases percussion of any kind is often most unsatisfactory. Except 
when percussing the clavicles and bases, which are often best percussed 
directly, indirect percussion, using a finger as a pleximeter, gives the 
most accurate results. Slight changes in resonance can be brought out 


more clearly by percussion from the more resonant toward the less 
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resonant areas. It is thus wise to percuss from base toward apex and 
not to use the routine method of percussing from above downward, as 
is usually advised and carried out. 

There is no standard for recording the results of percussion and 
the terms short note, impairment, dullness, flatness are largely matters 
of individual classification. Percussion of the upper axille, with the arms 
held upward and the hands resting on the head, should not be neglected. 
Areas of altered resonance may frequently be found in this location 
when no changes can be found elsewhere. When there is scoliosis of 
the vertebral column, the notes on the two sides will be found to differ. 
With fibrosis of one apex the mediastinal contents are pulled over by 
the contracted lung and may cause an altered percussion note along the 
sternal margin. The same change is found when fluid or air in one pleura 
pushes the mediastinum toward the opposite side. Compensatory 
emphysema of one lung or a part of one lung will give a hyperresonant 
note and this hyperresonance will accentuate the impaired note over the 
part which is diseased. 

In early cases, the note over the apex is often short and higher 
pitched rather than definitely impaired. This character of the note is 
of more importance when on the left side than on the right. When, as is 
frequently the case, the earliest disease is situated a little below the 
apex at a point corresponding to the infraclavicular region of the chest 
wall, this short note is more difficult to demonstrate on account of the 
thickness of the pectoral muscles. With an impaired note at the front 
of one or the other apex, the note posteriorly is sometimes a little hyper- 
resonant and the reverse is also sometimes found. The slightly impaired 
note which is found in the early stages may either disappear with im- 
provement or may become more marked, the duller note indicating 
fibrosis in place of the early infiltration. It is hard to determine just 
how much disease 1s necessary in order to make a change in the percussion 
note and naturally this is largely dependent upon the location of the 
trouble. It is often possible to recognize an alteration in note when 
the X-ray shows a very small area of disease; but this change is probably 
due not to the tubercle but to the collateral inflammation which sur- 
rounds the tubercle or to reflex muscular contraction. This view is 
strengthened by the fact that the physical signs may disappear within 
three or four weeks, while the X-ray shows exactly the same picture as 
was shown when signs were present. Much stress has been placed on 
the relative width of the percussion resonance of the two apices, but this 
is of comparatively little value in early diagnosis. Kroenig first called 
attention to this sign, which has since borne his name. Later on, in 
the course of the disease, the changes in the breadth of the apices may 
be very marked, and it 1s instructive to mark with a skin pencil the 
percussion outline, which extends like a band over the shoulder from 
front to back. Goldscheider has recommended using the height of the 
apices as an index of contraction, rather than the breadth, for the 
anatomic reason that the isthmus of Kroenig does not represent the true 
position of the apices. It is difficult to percuss the height correctly and 
the method has little practical value. 
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As the disease in the lungs becomes more advanced, the percussion 
changes become more marked and more varied. All degrees of dullness 
may be found, but it is rare to find an absolutely flat note, unless fluid 
is present, which is not as common as might be expected in pulmonary 
tuberculosis. When there is an effusion of any considerable size, the 
note above the area of flatness is apt to have a tympanitic quality and 
to be high pitched. An unusual resistance of the chest wall to the 
pleximeter finger is often noticed. This is known as Skodaic resonance 
and is produced by the lung compressed into the upper part of the thorax 
by the fluid. Percussion of the lower borders of the lungs is important 
to show the excursion of the lower border into the complemental space 
(Gerhardt’s) between the diaphragm and the ribs. Normally, there is 
a difference in the level of resonance at full inspiration and at full expira- 
tion of about 1% inches, both sides showing the same excursion. In 
the early stages, there is little or no diminution in this, but in later 
stages the excursion of the diseased side is limited in depth, due to the 
generally lessened motility of the lung. In the presence of adhesions 
or fluid, the lower level of resonance may be constant. In pneumothorax, 
also, there is no change in the lower level of the tympanitic note on 
inspiration and on expiration. In effusions, the upper level of the dullness 
is not strictly horizontal, but has an elongated S shape and may or may 
not vary with position, as described under the heading of Pleurisy. In 
cases of hydro- and pyopneumothorax, the level of the fluid changes 
with alteration of the patient’s position, the level being always horizontal. 

The percussion note over cavities is not always the same. Although 
usually described as being tympanitic, it may be normal, dull or have a 
“eracked-pot’”’ character. This last mentioned type of note is found 
chiefly over cavities in the upper lobe, situated anteriorly and communi- 
cating with a bronchus. It is elicited by firm percussion, not allowing! 
the percussing finger to rebound from the pleximeter finger. The patient! 
should hold the mouth open, if this cracked-pot sound is to be produced. | 
There may also be a change in pitch in the percussion note over cavities 
with change in position (Gerhardt’s sign). Wintrich has described a 
difference in pitch of the note over cavities according to whether the 
patient’s mouth is open or closed. In spite of these various signs, for 
the diagnosis of cavity, it is often impossible to recognize the presence, 
of cavities by percussion. Finally it must be acknowledged that ‘a 
many early cases percussion is of little or no help in diagnosis. 

Auscultation.—Probably the most reliable and important method of 
examination is auscultation, which requires the greatest care and experi- 
ence. It is most important to be accustomed to your own stethoscope. 
For all practical purposes, the ordinary binaural stethoscope with bell- 
shaped chest-piece is the best. Various forms of phonendoscopes or 
amplifying stethoscopes have been invented and are in daily use, but 
the more the sounds are intensified, the greater the chances of error 
from extraneous causes. It is of the greatest importance for the examiner 
to confine himself to the use of one form of instrument, for only in 
this way can he appreciate changes in intensity of the sounds heard 
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and learn to discard sounds which are not produced in the lungs them- 
selves. The bell of the stethoscope must be held firmly against the 
skin and not allowed to move over the skin with the respiration of the 
patient. It is at times difficult to hold the stethoscope flat against the 
chest wall, when the patient is greatly emaciated, owing to the promi- 
nence of the ribs, but unless this is done, little or nothing can be heard. 
The rubber tubing of the instrument should be thick walled enough to 
prevent kinking, and long enough to reach the various parts to be 
examined with ease, but if too long the sounds are interfered with. 
[About fifteen inches is the best length. It is sometimes useful to employ 
immediate auscultation rather than to use the stethoscope. This is 
particularly the case when a pleuritic friction is suspected, but on ac- 
count of the dryness of the skin, it is impossible to eliminate the possibility 
of a skin rub. In such cases, the application of one ear to the chest 
wall, while holding the other ear closed with the finger, will often decide 
the question. The auscultation of a succussion splash is often more 
easily performed directly than with the stethoscope. On the part of 
the patient, it is all important that he breathe properly and the examiner 
will find a few minutes, teaching and showing the patient how to do 
this, to be time well spent. It is best to listen at first to the breathing 
without attracting the patient’s notice. If the breathing is noisy or 
too feeble, the patient must be shown how to breathe, as few people know 
how to breathe evenly and deeply without making a noise through the 
upper passages. The breathing may be either through the nose or mouth, 
according to whether the patient breathes more quietly in one way or 
the other. Noisy breathing or obstructions in nose or throat often mask 
the breath sounds in the lungs and render correct interpretation difficult 
if not impossible. The importance of the cough in eliciting rales has 
long been known but is neglected only too often in routine examinations. 
In order to be of assistance the cough should follow the expiratory 
phase of respiration and be followed by a fairly full, rather rapid in- 
spiration. The patient must be shown how to combine cough with 
respiration, and for this purpose should be instructed to cough, breathe 
in, breathe out, cough, breathe in, breathe out, and so forth, resting 
and holding the breath for a second or two after each inspiration, the 
bell of the stethoscope being moved just before each cough. The cough 
to be efficacious should not be too hard but must force out from the 
lungs more air than 1s ordinarily exhaled by deep expiration. During 
the act of coughing and during forced expiration a handkerchief or piece 
of cheese-cloth should be held by the patient in front of the mouth. 
R&les are said to be sometimes present in the early morning before the 
patient gets up, when they cannot be elicited later on in the day. For 
this reason it is often advisable to reexamine a patient in the early morning 
when the presence of rales is suspected but cannot be definitely proved 
at the first examination; it is also often advisable to repeat an examina- 
tion, where the signs are doubtful, before giving a definite opinion. 
The examiner should do his best not to excite the patient, but to make 
the examination quietly, gaining the confidence of the patient. A nervous 
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patient is always more difficult to examine satisfactorily than one who 
is at his ease. 

As in percussion, so also in auscultation it must be recognized that 
the normal signs at the two apices are not the same. “The normal 
differences are due to the anterior position of the large vessels (innomi- 
nate, carotid and subclavian arteries) in relation to the right apex as 
compared with the left, to the consequent encroachment upon and 
reduction in size of the right apex, and to the contact of the inner surface 
of the right apex with the resonating trachea, while the left is in contact 
with the non-resonating solid tissue.’’ (Fetterolf and Norris.) For this 
reason, breathing at the right apex is harsher and more bronchial nor- 
mally than at the left, and there is, also, commonly a slight degree of 
whispering pectoriloquy and an increase in the vocal resonance on the 
right side. These differences extend downward to the second rib in 
front and to the second vertebral spine posteriorly. It is also quite 
common to find a slight degree of bronchial breathing and whispering 
pectoriloquy in the upper part of the right interscapular space. Judg- 
ment and experience are necessary in making a decision as to what 
constitutes normal signs in these regions and what degree of change 
signifies a pathological condition. 

AUSCULTATION OF THE BREATH SouNDs.—It is difficult, if not impos- 
sible, to describe different types of breathing as corresponding to the 
various steps in the evolution of tuberculosis in the lungs. Some writers 
have described one type as being the earliest and others hold another 
type to be the first sign. This may be accounted for by the fact that 
tuberculosis does not always develop along the same fixed line, but has 
a different pathological progress in almost every individual case. It is 
also impossible to compare the various types of respiration found with 
definite pathological changes in the lungs, as these changes can only be 
surmised and cannot be proved; for we have only one means (2.e., 
X-raying) of determining the actual condition of the lung in the earliest 
cases, and so cannot say, dogmatically, that one type of breathing is 
found with a particular lung condition, and another type with some other. 
The chief changes found in early apical tuberculosis, which is the site 
of the lesion in about 90 per cent. of cases, are: 

(1) Rough Breathing (“‘ Respiration rude”’ of the French, or “ Rauhes 
Atmen” of the German).—In this type the inspiratory phase is not 
even, but is rather irregular or made up of short waves which are con- 
tinuous one with the other. This might be represented diagrammatically 
as a wavy line , a8 compared with normal vesicular inspira~ 
tion, which would be a straight line ——————. In its true form, this 
is not frequently found in early disease. 

(2) Interrupted, Jerky or Cog-wheel Breathing.—This differs from the 
rough in that there are three or four distinct interruptions in the in- 
spiratory phase. Again representing by diagram, inspiration would be 
--------~ . This form is more common in the later stages and is fre- 
quently found in nervous persons or when the patient draws in his 
breath too forcibly. In such cases it has no diagnostic significance. 
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(3) Feeble Breathing.—lIn this form, the respiratory murmur is less 
intense than normally. If found at the right apex, it is more important 
than at the left, where it normally occurs. 

(4) Harsh Puerile or Increased Vesicular Breathing.—Both inspiration 
and expiration are more intense, sharper and more blowing than normally, 
but the changes affect chiefly the expiratory phase. If this form is 
found on quiet breathing and affects the left apex, it is of diagnostic 
importance. 

(5) Prolonged Expiration.—This is frequently found over the right 
apex and so has less significance than if found on the left side. In this 
form, expiration is as long as inspiration or longer, and may be high 
pitched. 

(6) Glandular Breathing.—In this type rales are suggested, but never 
heard. 

Bray has made a study of 124 early apical cases, in which the diag- 
nosis was confirmed by other methods, with reference solely to the 
changes found in the breath sounds. 

He shows that one cannot place absolute reliance on the breath sounds 
in diagnosing early tuberculosis. 

As the disease progresses from the incipient to more advanced stages, 
the changes in breathing become more marked. The vesicular murmur 
passes through the stage of vesiculobronchial to bronchovesicular, the 
bronchial character becoming more and more marked, until true bron- 
chial breathing is found. These last two mentioned types may be called 
the typical breath sounds of the second stage. Occasionally, but not 
frequently, we find in tuberculosis the blowing or tubular breathing 
characteristic of pneumonia, but this should be considered as a modifica- 
tion of the bronchial form. 

When the third or advanced stage is reached, auscultation of the 
breath sounds become a complicated problem and it is extremely difficult’ 
to interpret correctly or chart the changes found. An inspection of a 
lung from an advanced case, showing as it does an extreme variety and 
multiplicity of pathological changes, will readily explain the cause of 
this difficulty. As cavity may be taken as the classical condition of far 
advanced disease, so may cavernous breathing be associated with the 
third stage as its peculiar type of breathing. This type has a hollow 
sound, blowing and low pitched. A modification of this, amphoric 
breathing, is similar, but more metallic sounding and can be readily 
reproduced by blowing into the neck of an empty bottle. The typical 
cavernous type sometimes approaches the blowing breathing heard over 
consolidated lung and it is often impossible to tell, from the breath 
sounds, whether a cavity or consolidated lung is the underlying lesion. 
The cardiac sounds are frequently heard much more widely than nor- 
mally. Consolidated lung in the neighborhood of the heart may cause 
this transmission of the sounds. In cavities of the left upper lobe, 
these sounds may be very distinct over the greater part of the front of the 
left side. Sometimes, disease at the apices may be suspected by hearing 
the cardiac sounds in the infraclavicular region, but this is more im- 
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portant when present on the right side than on the left. In nervous and 
excitable persons, the sounds may be loud and widely distributed and 
in this case have no diagnostic significance. 

AUSCULTATION OF THE VoIcE.—The only change of importance in 
listening to the spoken voice is one of degree, whether this is increased 
or decreased in intensity. The importance of bronchophony and pec- 
toriloguy was much stressed formerly, but in reality these signs have 
little value in diagnosis. An increase in vocal resonance is found over 
areas of consolidation, but these may be better estimated by changes in 
percussion and breath sounds. A decrease is found, where the lung is 
separated from the chest wall by thickened pleura or by fluid, and 
also in cases where the bronchi are obstructed. Of much greater im- 
portance is the auscultation of the whispered voice. This is often 
neglected in routine examination, but should not be overlooked, as the 
transmission of the whispered voice is a most useful aid in the diagnosis 
of small areas of infiltration, and as the technic of this is easy to learn 
and practice, it will often give evidence of disease where percussion and 
change in breath sounds are indefinite. The value of this is very great 
in cases of recent hemoptysis seen for the first time, where it is inad- 
visable to have the patient breathe deeply or cough, and in cases of 
acute pleurisy where the ordinary examinations cannot be carried out, 
on account of the pain they would produce. In patients with laryngeal 
disease, in which the breathing is interfered with, much useful informa- 
tion can be gained by auscultating the whispered voice. The whispered 
voice is usually greatly intensified over cavities, where it has frequently 
an amphoric tone. This character is also heard in cases of open pneumo- 
thorax. D’Espine has described a method of auscultating the voice sounds 
in children which he considers diagnostic of enlarged bronchial glands. 
When, with the stethoscope placed over the spine, the speaking or whis- 
pered voice sounds are auscultated, in normal children the clear voice 
sound, or bronchophony with a tracheal note, is passing downward lost 
after the seventh cervical spine. In cases of bronchial adenopathy, 
when the sign is present, these tones may be heard lower down, from the 
first to the fifth dorsal spines. The enlarged nodes at this area around 
the trachea are supposed to act as sound conductors. It must be borne 
in mind that the position of the bifurcation of the trachea in relation to 
the spine differs with age; in infants and young children it is on a level 
with the seventh cervical vertebra; at the age of eight about the second 
dorsal; and at twelve as low as the fourth dorsal vertebra. In adults 
it may be as low as the fifth or sixth dorsal vertebra. Ribadeau-Dumas 
says the sign is present in children in pleurisy, induration and conges- 
tions of the thorax. This cannot be used as a positive diagnostic test, 
but is merely one sign which is of assistance. 

RAuEs.—The recognition of adventitious sounds which do not occur 
in normal vesicular breathing, and which are not a modification of 
any phase of respiration, is one of the most important parts in the 
examination and diagnosis of pulmonary tuberculosis. While the pres- 
ence of rales is not necessary to diagnose early or even the later stages 
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of tuberculosis, the majority of examiners feel much more confident in 
their opinion if these can be elicited. It is easier to recognize rfles when 
present than it is to distinguish the finer changes in breath sounds and, 
consequently, failure to determine their presence is less excusable. This 
failure is usually due to neglect to employ proper technic, particularly 
the auscultation of the cough followed by a sharp inspiration. In the 
earliest stages of tuberculosis, it is very rare to hear any r&les on quiet 
respiration, and some writers state that, with the presence of rales on 
quiet breathing, the disease has passed beyond the incipient stage. 
Many cases properly classified as minimal show the presence of rales on 
deep inspiration either with or without cough. The presence of rales, 
ocalized over a small area, which are found on repeated examinations, 
s one of the best evidences of tuberculous infection. Sometimes, the 
les will disappear after a few coughs, and at times they will be found 
only in the early morning, and not later in the day. In early cases the 
rales are moderately coarse and fine in varying numbers, occurring 
occasionally in veritable showers after a cough. From these réles we 
find all gradations up to the late cases in which both lungs may be so 
filled with coarse bubbling rales as to completely obliterate the breath 
sounds. There is no type of r4le which may not be found in pulmonary 
tuberculosis, neither is there any rfle which can be called typically 
specific for this disease, but the moderately coarse rale is the one most 
common. Any description of the rales of pulmonary tuberculosis would 
necessitate an enumeration of all adventitious sounds and this is difficult, 
as there is no generally accepted classification of these, almost every 
writer attempting to classify them according to his own ideas, and many 
using the same names to explain totally different sounds and different 
names for the same sound. The explanations of the underlying patho- 
logical conditions which produce rales are also varied and uncertain. 
Without attempting to give a classification or exact definition to 
the various sounds, the writers have found it convenient to call the finest 
sounds heard “‘crepitant rales,’ which occur in showers at the end of 
inspiration, and are high pitched and of one size. They occur only in 
consolidation, and are rare except in acute tuberculosis. Fine rdles are 
heard throughout inspiration, and possibly at the end of exspiration. 
They are important in diagnosis when heard above the second rib and 
third vertebral spine, but are far less common than the moderately 
coarse rale, which is the usual rule of pulmonary tuberculosis. When 
such rales occur above the second rib and third vertebral spine, and 
persist on several examinations, pulmonary tuberculosis must always be 
considered and is usually present. Coarse rfles occur usually late in 
the disease. Besides these, there are other adventitious sounds which 
are of a quite different character and usually called ‘dry rales,” although 
their presence is almost certainly due to thickened bronchial secretion. 
These are the “rhonchi,” which may be coarse, sonorous and snoring 
in character, or finer, whistling and sibilant. When rales are not heard 
on ordinary breathing, but require a very deep breath or a cough followed 
by an inspiration to detect their presence, they have been called “latent.” 
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The finding of rales is of the greatest importance in many cases, as 
they may be present over extensive areas without other recognizable 
changes in signs. Over a cavity, various forms of rfles may be heard, 
but these are usually coarse and bubbling. At times, the rales of a 
cavity have a distinctly musical tone. Posttussive suction, a sucking 
sound of high pitch heard during the first part of inspiration following 
cough, is often heard over cavities, but may also occur over large or 
dilated bronchi. Metallic tinkling is not often heard over cavities 
unless these are large and thin walled. It is most characteristically heard 
in cases of pneumothorax. The succussion splash, also characteristic 
of hydro- or pyopneumothorax, is sometimes heard over large cavities. 
Pleural friction is quite commonly heard in pulmonary tuberculosis. 
It is usually heard over the lower lobes, most frequently in the axilla, 
but is sometimes found over the front of the upper lobes and rarely at 
the apex. lt varies in character, the roughness of the pleura at times 
being only sufficient to cause an irregularity of the inspiratory phase 
of respiration. At other times, it is so loud as to be audible to the patient 
himself and to the examiner without the aid of a stethoscope. All 
gradations between these two are found, and it is a striking fact that 
the degree of pain felt is not in any way commensurate with the coarse- 
ness of the friction. Chronic pleurisy, with marked friction, may be 
difficult to distinguish from intrapulmonary sounds, especially the 
rhonchi. Fine apical sounds may also be hard to differentiate from 
pleural sounds. 

Before closing the subject of rales, it is necessary to enumerate 
various sounds which may be confused with intrapulmonary adventitious 
sounds and which may lead to error, unless the examiner is on his guard. 
Marginal sounds, heard along the lower margins of the lungs, particularly 
in the axillary region, are probably caused by the separation of the dia- 
phragmatic pleura from the costal pleura during deep inspiration. These 
have also been ascribed to atelectasis, but in any case the sounds have 
no significance. 

Skin sounds, especially met with in persons with dry skins, are caused 
by the movement of the bell of the stethoscope on the skin during 
breathing. The presence of hair on the chest may also give rise to 
sounds simulating the finer rfles. Wetting the skin or the application 
of vaselin or cold cream will cause these to disappear. 

Muscle sounds are not usually like rales, but are rather a rumbling 
which may obscure the pulmonary sounds. They are heard usually 
in muscular persons, who hold themselves rigidly, and when breathing 
contract all the thoracic muscles. 

Joint sounds may be produced in any of the joints around the shoulder 
and occasionally are conducted upward from elbow or.wrist. It is 
possible to ascertain whether or not the sounds are produced by the 
joints, by having the patient hold his breath and then move the various 
joints. Occasionally, the burse in the neighborhood of the shoulder 
become roughened and produce a sound resembling pleural friction. 

Pericardial conditions, particularly adhesions to the lung or pleura, 
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may cause some confusion, but the sounds produced are more apt to 
be confused with cardiac than with pulmonary conditions. 

Deglutition sounds are heard when the patient swallows and rumbling 
in the stomach or intestines is occasionally heard during examination 
of the lower part of the lungs. 


Summary 


It will be seen that the signs produced by pulmonary tuberculosis 
are legion and that there is practically no sign produced by any of 
the known pathological changes in the lungs which may not be repro- 
duced by tuberculosis at one or other stage of its evolution. The im- 
portance of any sign or group of signs lies, not in its mere presence, but 
in the interpretation of its significance, when taken in conjunction 
with the history and clinical symptoms of the patient. Many patients 
have few physical signs, but severe and definite symptoms; while in 
others the reverse is true and the signs may be extensive while the 
symptoms are few. The object of a physical examination of the lungs 
in any suspected case is to acquire a knowledge of the pathological 
condition of the lungs as a whole and to correlate this with their physi- 
ological functioning. While many of the signs found may not definitely 
point to a particular change, their recognition is important for a proper 
and intelligent understanding of a case and particularly for reference 
in the future. A slight change to-day may be a gross change at a 
later date and, conversely, a marked alteration may retrogress and 
become slight or disappear. Although physical examination in pul- 
monary tuberculosis is not an exact science, it, nevertheless, is of great 
value and should not be replaced by any of the newer methods of 
diagnosis. Percussion is fortunately less important in early diagnosis 
than auscultation, for it is much more difficult to acquire. The rale 
is the most important physical sign in the diagnosis of pulmonary 
tuberculosis and should never be said to be absent until it is absent 
during inspiration following cough. The location of the abnormal 
physical signs is of great importance. When they occur above the second 
rib and third vertebral spine, pulmonary tuberculosis must be con- 
sidered until it is excluded while, when they occur elsewhere, other 
conditions must be thought of until pulmonary tuberculosis is proved 
to be present. Careful examination i8 still the most important member 
in the large family of diagnostic means at our disposal. 


LABORATORY FINDINGS 


Examination of the Blood.—GENERAL.—There is no typical blood 
picture and at almost any stage of the disease the blood-count may 
be found approximately normal. In the early stages there is often 
an anemia with a reduction in the erythrocytes, which is rarely if ever 
extreme, and a corresponding diminution in the percentage of hemo- 
globin. Sometimes a reduction in the hemoglobin, without any change 
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in the number of red blood-corpuscles, is seen and many cases of chloro- 
sis are due to a masked or latent tuberculosis. In the second stage, 
if uncomplicated, and in fibroid tuberculosis the blood-count is normal, 
and an increase in both erythrocytes and hemoglobin is commonly 
seen in cases under treatment, so that these may, at times, be above 
normal. In advanced disease, there is a marked pallor of the skin 
which contrasts strongly with the good color of the mucous membranes. 
In such cases, the blood-count is frequently found to be normal and 
this discrepancy between appearance and blood-count is explained by 
a concentration of the blood caused by lessened fluid content, the fluids 
being drained away by the increased bronchial secretion, the night 
sweats, and by the diarrhea which so often accompanies the late stages 
of the disease. Grawitz attributes this concentration also to the in- 
creased lymph flow which results from the action of the tuberculous in- 
fection. Much work has been done in endeavoring to establish a leuko- 
cytic picture for the disease which would assist in diagnosis and prog- 
nosis, but nothing conclusive has been proved. ‘The total count is just 
about normal and shows the usual diurnal variations, which in itself 
serves to differentiate the disease in some cases. In advanced cases, 
there is a tendency to leukopenia, although there may be a slight leuko- 
cytosis. If there are septic complications the leukocytic picture will 
be that of the complication. Sudden rise in temperature due to an 
acute dissemination of the tubercle bacilli may be accompanied by a 
transitory leukocytosis. The development of tuberculous meningitis 
usually shows a marked increase in the white corpuscles. Tuberculous 
pneumonia may cause a leukocytosis. Cavity of the lung is usually 
associated with an increase of leukocytes. Chronic cavities may not 
cause an alteration in the count. Tuberculous ulceration of the intes- 
tines frequently produces an increase in the relative number of the leuko- 
cytes, either by concentration of the blood or by absorption of other 
bacteria through the ulcerated surfaces. The polymorphonuclear leuko- 
cytes vary usually within normal limits, and if there is a leukocytosis it 
is these cells which are chiefly involved. Recently, attention has been 
again attracted to the mononuclear cells, and especially the lymphocyte, 
as an active agent in the response to infection with the tubercle bacillus. 
Jas. B. Murphy claims that, experimentally, a diminution in lymphocytes 
favors a spread of the disease and considers the lymphocyte important 
in the defensive mechanism of the body. Webb and Williams report a 
lymphocytosis in persons living in Colorado and would ascribe to this 
fact the beneficial effects of high altitudes on tuberculosis. Philippi of 
Davos states that there is a relative increase in the number of lympho- 
cytes in cases of bronchial gland tuberculosis and his associate Schulz 
claims that, if these patients are given tuberculin, there is a lymphocytosis 
in twelve hours and advocates this as a diagnostic test. Arneth has 
studied the polymorphonuclear neutrophile leukocytes and states that 
normally 5 per cent. have a single nucleus, 35 per cent. have two nuclei, 
42 per cent. have three, 17 per cent. have four, while 2 per cent. contain 
five nuclei. In tuberculosis, he claims that there isa larger percentage 
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of cells having one or two nuclei, there being a greater number having 
few nuclei in cases with a bad prognosis and a tendency in favorable 
cases to have more cells with a larger number of nuclei. In general, this 
has been confirmed by other workers, but it is not now generally used. 
No definite change in the numbers of eosinophils has been proved, 
although some investigations to this end have been undertaken. The 
blood platelets are usually normal or slightly increased in number. 

BACTERIOLOGY OF THE BLoop.—Our conception of the nature of tuber- 
culosis and of its spread through the system makes it almost certain that 
from time to time tubercle bacilli must be present in the circulating 
blood, but the course of the disease, except in acute miliary cases, 
shows nothing in common with those other infections which are char- 
acterized by a bacteriemia, and, when tubercle bacilli are present in 
this fluid, we should look on the blood as a vehicle of mobilization of 
the bacilli, rather than as showing a true bacillemia. Rosenberger has 
claimed to have found tubercle bacilli in the blood in nearly every 
case of tuberculosis examined, whether early, moderately, or far ad- 
vanced. His technic has been shown to be faulty, and the results ob- 
tained by Bernard, Delvé and Baron, by White and Avery and by Kessel, 
among others, have been negative except in very rare instances. The 
ordinary pyogenic bacteria which are sometimes found in the sputum 
and which are claimed to constitute a secondary infection have been 
said to be of frequent occurrence in the blood; but the most recent 
work would seem to show that this is a very rare occurrence, Avery 
and Lyall not having obtained a single positive blood culture from 110 
tuberculous patients. 

Urine.—In general, the examination of the urine shows little change 
in pulmonary tuberculosis. With the increased ingestion of fluids, par- 
ticularly milk, there is apt to be a diuresis. This is also produced by 
the sedentary life of the patients, which leads to a decreased elimination 
of fluids by the sweat. In the presence of night sweats, high fever 
and diarrhea the urine is decreased in quantity, of higher specific gravity, 
and of darker color. <A febrile albuminuria occurs in tuberculosis as 
in other infections. Albumin is also sometimes found in the urine 
during pleurisy with effusion. In the late stages, a chronic nephritis 
may develop from the prolonged absorption of materials from the 
lungs. Albumin in the urine, in cases of pulmonary tuberculosis, is 
by no means a sign that there is a tuberculous infection of the kidneys, 
and simple nephritis occurs in tuberculous individuals as well as in 
the non-tuberculous. The presence of urochromogen in the urine has 
been described as of bad prognostic significance, indicating an increasing 
absorption of poisonous substances. The prognosis can be estimated by 
many other means more easily and exactly. The same may be said of 
Ehrlich’s diazo-reaction, which has also been described as of bad prog- 
nostic import. Both these reactions are frequently found in patients 
who are doing badly, but the fact that they are not progressing favorably 
is usually perfectly apparent. Wildholz’s auto-urine test is of little 
diagnostic aid. No definite changes in the excretion of chlorids, phos- 
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phates, oxalates or urea are found. Glycosuria, as mentioned under 
the heading of Diabetes in associated diseases, is always of serious 
significance. Tubercle bacilli are found in the urine, not only in cases 
of tuberculosis of kidneys, bladder and prostate, but also in some cases 
of miliary tuberculosis, and not infrequently in tuberculous meningitis. 
In searching for tubercle bacilli care must be taken not to confuse these 
with the smegma bacillus. Tinctorial differences are not absolutely 
reliable in distinguishing these two organisms and a final decision can 
often be arrived at only by the result of animal inoculation. If, however, 
the urine is carefully collected with precautions to avoid contamination 
from the prepuce in males and the labia in females, there is not often 
much chance of confusion. To examine the urine for tubercle bacilli, 
a twenty-four-hour specimen should be collected. This is then allowed 
to stand for twenty-four hours in a cool place, preferably an ice chest. 
The sediment of this twenty-four-hour specimen is then drawn off with 
a pipet and centrifugalized at high speed, the sediment in the centrifuge 
tubes being then used for examination. It is always well to smear 
the slides on which the sediment is stained and examined with serum or 
egg-albumen-glycerin to insure that the bacilli are not washed off during 
the manipulations. Animal inoculation of the sediment may give positive 
results, even when careful microscopic search has failed to reveal the 
presence of bacilli. 

Stomach Contents.—No specific changes are found in the stomach 
contents of tuberculous patients. In the early stages there is said to 
be an increase in the percentage of hydrochloric acid, while in the 
advanced stages a hypochlorhydria may be present. The organic acids 
may be decreased. It has also been stated that there is a deficiency 
in the gastric ferments. Some patients persist in swallowing their 
sputum and at times digestive disturbances are to be attributed to 
this practice. In these cases, tubercle bacilli may be found in the 
stomach contents and have no diagnostic significance. There is not 
uncommonly a decreased gastric motility and secretory activity. There 
may be also a low pancreatic secretion but the alimentary tract can take 
care of even excessive amounts of food in a normal manner. In the 
absence of intestinal tuberculosis, and when the stomach is not over- 
loaded with too much food, digestion and assimilation are usually ade- 
quate in febrile and afebrile patients. 

Feces.—All conditions of stool are found according to the state of 
the digestive function in the stomach and intestines. Blood is found 
in the feces in some cases of hemoptysis, where the blood has been 
swallowed. Pus and mucus may also be found, but these substances 
are not a sure indication of ulceration in the intestines. The presence 
of bacilli can be demonstrated in the feces in a very large percentage 
of advanced cases, some of the sputum being swallowed, purposely or 
accidentally. Occasionally, especially in children who rarely expectorate, 
an examination of the stools for bacilli may be the only method of 
demonstrating the fact that they are being thrown off from the lungs. 

Sputum.—The Quantity of sputum is very variable in the different 


430 PULMONARY TUBERCULOSIS 


stages of the disease. As a rule, it is slight in early stages and progres- 
sively increases as the disease advances, but this statement is capable 
of modification as, in some cases with extensive lesions, the amount of 
sputum is surprisingly small when compared with the extent and char- 
acter of the physical signs. In many cases which present large areas 
of moderately coarse rdles, practically no sputum will be raised. These 
patients do not necessarily swallow the sputum and in many of them 
we must postulate the probability of an absorption of the secretions 
by the lungs themselves. In the miliary form of the disease, there 
is usually little or no expectoration. A certain number of early cases 
probably have no sputum and in children this is the rule. In the second 
stage, there is usually a moderate amount, from half an ounce to one 
or more ounces in twenty-four hours, when they first come under observa- 
tion. A gradual diminution in the quantity expectorated is a good 
jpieenome sign. The most profuse expectoration is found in cavity 
cases and in those who have a pyopneumothorax opening into the lung. 
Some of these latter patients will expectorate ten ounces or more a day. 
Some patients with a complicating tuberculosis of the larynx have very 
profuse expectoration which is largely saliva, the laryngeal ulceration 
apparently stimulating the salivary glands. 

The co.or of the sputum is at first clear or slightly opalescent. Later, 
when there is pus, flakes of this are seen mixed with the mucus, and 
when much pus is formed the sputum will be yellow with often a greenish 
tint. Small amounts of blood in the sputum may give it a pinkish 
tinge or may be present as streaks. In larger quantities the blood may 
be bright red or darker, even black, if old and clotted. Gray or black 
pigment is frequently found in the sputum of city dwellers. 

The COMPOSITION varies from pure mucus to pure pus with all stages 
in between. There is no characteristic appearance to sputum of tuber- 
culous patients which will differentiate it from other pulmonary affec- 
tions. The usual sputum is composed of mucus in which are seen masses 
of thicker purulent material, sometimes spoken of as nummular. A 

{ pure serous sputum is found in cases with edema of the lungs and must 
be looked upon as a bad sign. Occasional findings are small calcareous 
masses, spoken of as “lung stones’’ and which are calcified tubercles 
or parts of these. Where there is an accompanying fibrinous bronchitis, 
bronchial casts of fibrin, showing branching when floated out in water, 
may be found. 

The sputum ordinarily has little opor, what there is being slightly 
“sickish.” If allowed to stand the odor becomes distinctly foul and 
putrid. In cavity formation or bronchial dilatation the odor of the 
sputum may be at times very unpleasant, but this is not as a rule as 
marked as in bronchiectatic or lung abscess cases. 

The TASTE is slightly sweetish unless putrefaction has taken place 
in a cavity. Blood often gives the sputum a salty taste and patients 
will often know that there is blood present even before they see it. 

MICROSCOPICALLY, various cellular elements are found in the sputum. 
These are epithelial cells from the bronchi and alveoli, and leukocytes, 
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with occasionally red blood-cells. Any of these cells may be well formed 
and stain well or they may be more or less degenerated. Attempts 
have been made to prove the diagnostic worth of the presence of lympho- 
cytes and also of eosinophiles, but this work is not generally accepted 
and the majority of sputa will show more polymorphonuclears than other 
forms. In sputum from cavities or lungs breaking down, elastic fibers 
may be found either by direct observation against a black background 
or after staining with some special stain, as Weigert’s method. 

Albumin may be found in the sputum in any inflammatory condition 
of the lungs or bronchi. This test may be helpful in separating simple 
from tuberculous bronchitis. The technic is simple: 

Fresh sputum, as free as possible from saliva, is thoroughly mixed 
with an equal quantity of water, 3 per cent. acetic acid is added and the 
precipitated mucus filtered off. This is repeated until no more mucus 
is precipitated. The clear filtrate is then examined for albumin by any 
of the ordinary methods. In a positive reaction, the curdy precipitate 
will settle to the bottom after standing. 

Far more important than any other condition of the sputum is the 
presence of tubercle bacills and on their presence alone can a certain 
diagnosis of tuberculosis be made. Sputum for examination must come 
from the lungs and not from the upper respiratory passages. It should 
be collected in a perfectly clean receptacle and examined as soon as 
possible after being expectorated, or, if it must be kept for some time, 
it should be stored in a cool place to prevent putrefaction and the growth 
of other bacteria. For examination, the purulent particles should be 
picked out and smeared on a new slide. It is helpful to mix on the slide 
several particles from different portions of the specimen, as the bacilli 
are rarely evenly distributed through the sputum. While many stains 
have been recommended, the best is the Ziehl-Neelsen method, using both 
alcohol and acid, either singly or mixed, to decolorize. A positive 
examination should be repeated at once if the diagnosis hinges upon this 
finding, but a negative examination does not prove the reverse and if 
the first examination shows no bacilli, many repeated examinations of 
specimens taken at different times should be made. In many cases, 
bacilli are thrown off only occasionally and, though absent one day, 
they may be present at a later date. It is often advisable to employ 
one of the concentration methods, 7.e., to collect a twenty-four, forty- 
eight or even seventy-two-hour specimen and examine, after digesting or 
treating the whole mass by one or other of the various methods which 
have been recommended for this purpose, the sediment obtained by 
centrifugalization. In this way, all the bacteria in a specimen are col- 
lected in a comparatively small amount of sediment and the search for 
special bacteria, as tubercle bacilli, is much facilitated. Of the various 
methods recommended, the use of antiformin, introduced in 1908 by 
Uhlenhuth and Xylander, or of sodium hydroxide (10 per cent.) are the 
best. They are added to the sputum in definite amounts, well mixed 
by shaking, allowed to stand for a variable time, and then centrifugalized. 
The relative number of bacilli found by these methods is greatly in excess 
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of those found on direct smear and their use often discloses the presence 
of bacilli, which are so few as to escape detection on examination of the 
original sputum. 

In many cases, even this method will fail to demonstrate bacilli, and 
if it is important to prove or negative their presence animal inoculation 
can be done. The guinea pig is the animal of choice for inoculation 
tests for tubercle bacilli and a small amount of the suspected sputum 
previously concentrated is introduced into the subcutaneous tissues. 
Subcutaneous inoculation is preferable to intraperitoneal, as it is more 
certain and there is less danger of infection with secondary organisms 
which abound in all sputa. Two animals should always be inoculated 
as a precautionary measure. If one dies from any intercurrent infection, 
there is always a probability of the other surviving. The animals 
are killed in from four to six weeks after inoculation and, if tubercle 
bacilli were present in the test sputum, the animals will show evidences 
of tuberculosis on autopsy. As this test requires a wait of some weeks, 
it has been recommended to test the animals two weeks after the test 
inoculation with the cutaneous tuberculin test. This test should be 
checked up by autopsy at six weeks. 

Number of Bacilli in the Sputum.—It is customary to indicate the 
number of bacilli in a given sputum by means of Gaffky’s scale, which 
is as follows: 


I. 1 to 4 bacilli in specimen. 
II. 1 bacillus on an average in several fields. 
III. 1 bacillus on an average in each field. 
IV. 2 to 3 bacilli on an average in each field. 
V. 4 to 6 bacilli on an average in each field. 
VI. 7 to 12 bacilli on an average in each field. 
VII. Fairly numerous on an average in each field. 
VIII. Numerous on an average in many fields. 
IX. Very numerous on an average in many fields. 
X. Enormous masses in many fields. 


Although this scale is satisfactory in many ways, it is simpler to 
state the average number per field. It must be remembered that the 
bacilli are rarely evenly distributed throughout the sputum and, for 
this reason, an enumeration of the bacilli is liable to misinterpretation. 
In general, the number of bacilli gives little indication of the stage or 
condition of the disease, but in the advanced stages they are likely to 
be more plentiful than in the early stages. Some advanced cases, 
however, have very few bacilli, while some early cases have sputum 
very rich in bacilli. Bacilli may also be present for years in the sputum 
of persons who are otherwise in good health and are working hard. 
These persons correspond to the diphtheria and typhoid carriers. 

Form and Staining Properties of the Bacillt.—Many investigators 
have tried to draw deductions from the characters of the bacilli found, 
whether short, plump and evenly staining or long, thinner and granular. 
No definite conclusions can be arrived at as various forms of bacilli 
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are often found side by side in the same specimen. The same may 
be said of the grouping of the bacilli, whether lying singly, in pairs or in 
masses. Hans Much has described a form of the tubercle bacillus 
which is not acid-fast and does not stain with the ordinary carbol- 
fuchsin technic. He recommends a modification of the Gram stain for 
the demonstration of these forms. They may have the ordinary form 
of the bacillus or may be present as small granules. Much claims 
that these granules are found in pus, sputum and urine which will 
produce tuberculosis on inoculation into experimental animals but in 
which no acid-fast bacilli can be found. While it is true that the tubercle 
bacillus will stain with Much’s stain, the writers have been unable to 
demonstrate bacilli or granules by this method in material in which 
they could not bé found as well, if not better, by ordinary methods. 
Combinations of carbol-fuchsin and Much’s stain, the Much-Weiss and 
the Wehrli-Knoll stains, have been recommended to demonstrate the 
granules in the tubercle bacilli. With these stains the bodies of the 
bacilli are colored pink and the granules dark purple or black. 

Other Bacteria in the Sputum.—Very few sputa contain the tubercle 
bacillus alone and, generally, the sputum is contaminated with a multi- 
tudinous flora of all sorts. Many of these organisms come from the 
mouth and pharynx and belong chiefly to the saprophytic groups. The 
Micrococcus catarrhalis, pneumococcus and various streptococci are often 
found, but the importance of these secondary organisms is usually 
slight or nil. The mere demonstration of organisms in the sputum 
does not prove that they come from the lungs, and even if they do 
come from the deeper tissues, as uld cavities, this does not prove that 
they have a pathological significance. It has been shown at autopsy 
that tuberculous cavities may be free from any bacteria except tuber- 
cle bacilli and laryngologists report that bacteria are rarely found in 
the bronchi below the second division. The presence of pathogenic 
bacteria in the mouth, nose or throat may in tuberculous persons, as in 
the non-tuberculous, give rise to definite clinical infections under certain 
circumstances. 

Other Acid-fast Bacilli.imThese rarely cause confusion in the sputum 
and are not often found. The fact that these forms occur in milk and 
in butter and may thus potentially contaminate the sputum by lodg- 
ing in the mouth and around the teeth should not be forgotten. Occa- 
sionally, in some nasal conditions, as ozena, an acid-fast bacillus is 
found. This has on one occasion at least been found in the sputum 
and been confused with the tubercle bacillus. 

Exudates.—The only exudate of importance in pulmonary tuber- 
culosis is that which occurs in the pleura in cases of pleurisy with 
effusion and pneumothorax. This is described under the heading of 
these complications. 

Milk.—The presence of tubercle bacilli in the milk of nursing women 
who have pulmonary tuberculosis has been reported, but this must be 
a rare occurrence. If tuberculosis exists in the mammary gland, it is 
possible that bacilli might be found in the milk, but the combination 
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of a lactating gland and tuberculosis is so rare as to be of little practical 
interest. 

Tissue Examinations.—These are not feasible in pulmonary tuber- 
culosis and are never called for. It is possible that, in some rare cases, 
for diagnosis between an intrapulmonary or mediastinal new growth 
and pulmonary tuberculosis, the excision of a cervical or axillary gland, 
if enlarged, might assist in the diagnosis. 


SPECIAL EXAMINATIONS 


Tuberculin Tests.—Tuberculin is a substance derived from the 
tubercle bacillus; it was discovered in 1890 by Robert Koch. This first 
tuberculin has undergone many modifications in its manufacture and 
probably over fifty different kinds have been made and described. 

VARIETIES OF TUBERCULIN.—The most important tuberculins are the 
following: 

Old Tuberculin—O. T. (Koch): A concentrated and filtered ‘‘ bou- 
illon’”’ on which tubercle bacilli have been grown for from four to eight 
weeks. The concentration is done by heating in a water bath until 
the product is 1/10 of the original volume. This contains 50 per cent. 
of glycerin. 

Bouillon Filtrée—B. F. (Denys): A filtered bouillon on which bacilli 
have been grown. This is unheated. 

Bacillen Emulsion—B. E. (Koch): A 50 per cent. glycerin emulsion 
of pulverized tubercle bacilli containing 5 milligrams of bacillary powder 
to each cubic centimeter of finished product. 

Tuberculin R.—T. R. (Koch): A 50 per cent. glycerin emulsion 
of pulverized tubercle bacilli which have first been extracted with water. 
This is standardized so that each cubic centimeter contains 10 milligrams 
of powdered bacilli. The water in which the bacilli were extracted has 
been called “‘Tuberculin Oberstand”’ or T. O. 

Von Ruck’s Tuberculin: The bacilli are extracted in water at 50° 
C., after being first extracted with alcohol and ether. 

Beraneck’s Tuberculin: This is a mixture of equal parts of alcohol 
extracted precipitate of bacilli and orthophosphoric acid extract of 
bacilli. 

P. T. O. (Spengler): This is a filtered bouillon on which bovine 
bacilli have been grown. 

Tuberculol, Antiphthisin, Tuberculocidin, Tuberculoplasmin, Tula- 
selactin, Oxytuberculin, Tebecin: These are other modifications which 
possess no advantages over the more widely used varieties. No satis- 
factory method of standardizing the potency of tuberculin has been 
devised, and much of the confusion about this whole subject arises from 
this fact. For practical purposes only three varieties need consideration: 
Old Tuberculin, Bouillon Filtrée, and Bacillen Emulsion or dead tubercle 
bacilli (Petroff). 


All tuberculins have the property of causing a reaction in tubercu- 
lous individuals. The active principle of tuberculin is a proteid derived 
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from the bodies of the tubercle bacilli either in solution—as in Old 
Tuberculin and Bouillon Filtrée—or in suspension in the emulsions. 
Tuberculin, properly understood, is not a primary toxin, for the tubercle 
bacillus has never been shown to secrete or excrete a toxin during its 
growth, and on non-tuberculous animals, human or experimental, tuber- 
culin has no deleterious effects even when used in relatively enormous 
doses. This has been proved repeatedly, both by animal experimenta- 
tion and by injection into proved non-tuberculous children. If, how- 
ever, there is definite tubercle present, the result is very different. In 
this case minute doses will cause definite symptoms. These are shown 
in three ways: 


1. A local reaction with reddening, swelling and induration at the 
point of inoculation. 

2. A focal reaction at the site of the disease, as manifested by a 
hyperemia around the tubercles, and a polynucleosis in the neighbor- 
hood—in fact, all the symptoms of an acute inflammation. 

3. A general reaction if the dose is sufficiently large. This is indi- 
cated by a rise in temperature, malaise, headache, aching of bones and 
joints, chilliness, nausea and general feeling of sickness, with increase 
in the symptoms caused by the focus of disease. This lasts for twenty- 
four to forty-eight hours, but may be prolonged for several days. 


The reason that a tuberculous animal reacts to tuberculin while a 
non-tuberculous one does not is explained by the fact that the presence 
of anatomic tubercle in any organism renders all the tissues of that 
animal hypersensitive or allergic. Just how this takes place or what 
the change is, has not been explained, but the fact itself remains. The 
presence of anatomic tubercle has been thought to be necessary for the 
production of this hypersensitiveness, but attempts to produce hyper- 
sensitiveness by inoculation with the filtered products of the bacilli have 
been recently successful. Tuberculin does not produce an immunity to 
tuberculosis and the demonstration of antibodies in the serum after the 
administration of tuberculin does not prove that these are true anti- 
tuberculins, as they have no effect in neutralizing tuberculin in vitro. 
The whole subject of the action of tuberculin is in a state of confusion 
in the minds of most medical men and the enormous mass of work done 
since tuberculin was first discovered has done little to clear this con- 
fusion, but in many instances has rather added to the chaos. ‘The facts 
that we do know are few and simple, and these are that tuberculin has a 
specific action on tuberculous individuals; that this reaction is local, 
focal and general; that the presence of anatomic tubercle seems necessary 
for the reaction, and that tuberculin has a distinct effect on the tubercle 
itself. Clinically, tuberculin has two uses: (1) for diagnosis; (2) for 
treatment. 

Usr or TUBERCULIN IN D1aGnosis.—Before discussing the different 
methods of using tuberculin for diagnosis we must consider certain 
general facts. When speaking of tuberculin in diagnosis we mean Old 
Tuberculin, as this is now used almost exclusively for this purpose. The 
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first fact is that tuberculin shows its specific effects only in the presence 
of tuberculosis in the person tested; that without tubercle there is no 
tuberculin reaction. This reaction appears, as proved experimentally, 
in from ten days to two weeks after the implantation of the bacilli; 
in other words, the reaction appears with the development of the tubercle. 
The reaction increases in intensity with the activity of the tubercle 
and gradually fades as the tubercle becomes more chronic, but never 
completely disappears as long as the tubercle bacilli remain alive in 
the tissues, even though well encapsulated. This rule is subject to 
some modifications which are unexplainable clinically, but holds as a 
general statement. In the presence of acute infections, especially 
measles, the reactive power may be temporarily in abeyance. This loss 
of reaction is also seen in acute and in far advanced cases in which 
the organism and tissues have apparently lost the capacity of reacting 
to all stimuli and after a few diseases, e.g., measles, pertussis, influenza. 
Secondly, tuberculin reactions occur in all cases of tuberculosis whether 
these are active, or latent, or healed; in other words, tuberculin does 
not differentiate active from latent tuberculosis. This will explain the 
fact that many, if not most, healthy individuals will react to tuberculin 
if it is properly used. Thirdly, tuberculin has a focal reactive action 
on the disease, through activation of the original focus. Fourthly, by 
the allergy or altered reactive capacity produced by the presence of 
tuberculosis in any tissue or organ, all the tissues possess a reactive power 
to the introduction of tuberculin. 

TUBERCULIN TrEsts.—The cutaneous test, or von Pirquet test, is the 
simplest and the safest method of testing with tuberculin. The skin, 
usually the inner surface of the forearm, is cleaned with alcohol and 
ether. A drop of tuberculin is applied to the skin and at a point a 
couple of inches away a drop of 50 per cent. glycerin is applied for a 
control. A scarifier is then used to open up the superficial layers of 
the skin through the drops, the control being always scarified first 
to prevent possible contamination with tuberculin on the instrument 
used. Blood should never be drawn, it being merely necessary to open 
up the lymph spaces below the epidermis to allow of absorption of 
the tuberculin. The instrument recommended by von Pirquet—scraping 
point with a heavy handle—is convenient, but an ordinary needle or 
scalpel point may be equally well employed, as in vaccination against 
small-pox. After five minutes the excess of tuberculin may be wiped 
off with sterile cotton. If the test is negative the two abrasions, tuber- 
culin and control, will be found in the same condition in twenty-four 
hours. If positive, there will be an area of redness around the spot 
where tuberculin was placed, with some raised induration of the skin. 
This reaction varies greatly in extent and intensity from a small area of 
three or more millimeters in diameter to a large area of two or more 
centimeters with marked swelling, tenderness and even a lymphangitis 
running upwards from it. The reaction usually appears in from twelve 
to twenty-four hours, but is occasionally premature and comes on in four 
to six hours. It may also be delayed and not appear for several days. 
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A modification of this test has been devised by Hill, who advises that 
several slight pricks with an ordinary needle point be made in the 
skin through a drop of tuberculin. This is a handy method for children, 
as it is practically painless and very easy to perform. The positive 
results are manifested in the same way as in the original von Pirquet 
method. 

Detre’s Differential Cutaneous Test.—-This test is a modification of 
von Pirquet’s. He uses, on different areas of the skin, a tuberculin made 
from human bacilli and one from bovine bacilli to differentiate a human 
from a bovine infection. The results are not definite and as a rule a 
patient will react indifferently to both tuberculins. 

Percutaneous Test of Moro.—A small quantity, about the size of a 
pea, of an ointment composed of 10 per cent. tuberculin in lanolin is 
rubbed thoroughly into an area of about four square inches of the skin 
over the chest or abdomen. It is advisable to protect the fingers used 
for rubbing with a rubber finger cot to prevent reaction in the finger. A 
positive reaction is shown by an eruption of papules over the area of the 
inunction which disappears in two or three days. There may be con- 
siderable itching and a hyperemia of the surrounding skin. 

Intradermic Method of Mantoux and Moussu.—After cleaning the 
skin, 1/10 c.c. of solution equaling 0.00001 ¢.c. tuberculin is introduced 
into the skin itself. To do this a sharp hypodermic needle is inserted 
almost parallel to the surface of the skin and so superficially that the 
lumen of the needle can be seen. The drop of solution should form a 
bleb in the skin if the injection is properly performed. If the first test 
is not positive, a second with 0.0001 c.c. tuberculin should be given 
after two to three days. A positive result is shown in the same way 
as in a von Pirquet test by reddening and swelling around the point of 
inoculation. This method is more exact and in many ways preferable 
to the other local tests. Occasionally in very sensitive persons there may 
be a rise in temperature following the test, but this is rare. 

Conjunctival Test of Calmette or Wolff-Evsner.—This test is performed 
by instilling directly into the conjunctival sac a drop of 1 per cent. 
tuberculin in normal saline solution with an ordinary eye dropper. 
Calmette has suggested the use of a 1 per cent. solution of the precipitate 
obtained from tuberculin by 95 per cent. alcohol, but this has no ad- 
vantages over the 1 per cent. tuberculin. The reaction is positive if 
a reddening and hyperemia of the conjunctiva beginning first about the 
caruncle occurs in about twelve hours. This varies in intensity and dura- 
tion, but has usually passed off in three days after its appearance. Cases 
of injury to the eye have been reported as following this test, but the 
danger has been regarded as slight by most observers. The possibility 
of unpleasant sequele should make us cautious in the use of this method, 
especially as it has no advantages over the previously described cutaneous 
tests. It was at first thought that more definite information as to the 
presence of active tuberculosis could be obtained from this method of 
testing, but the present opinion is that this is not the case, and the 
conjunctival test is now seldom used. 
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The Subcutaneous Test.—This was the original method suggested by 
Koch and has been used extensively ever since. The technic consists 
in the hypodermic injection of doses of Old Tuberculin of increasing 
strength. It is customary to begin with a dose of 0.0001 c.c. of tubercu- 
lin; if this fails to produce a reaction, a dose of 0.0005 c.c. may be given, 
three or four days after. If still negative, further injections of 0.001, 
0.002, 0.005 and 0.01 c.c. may be used until reaction results. The final 
dose should not exceed the last-mentioned, and if no reaction follows a 
repeated dose the test is said to be definitely negative. A positive 
reaction appears in about ten to twelve hours and lasts for twenty-four to 
forty-eight hours, and is indicated by redness, swelling and tenderness 
at the point of inoculation accompanied by general symptoms of fever, 
chilliness, headache, pains in the bones, joints and back, nausea and 
general malaise, all of which may vary in severity within wide limits. 
It is this possibility of great variations in the symptoms produced which 
at times makes it difficult to determine definitely whether the test is 
positive or otherwise. In about 15 per cent. of cases during the reaction 
there will be an increase in the signs and symptoms of the lung lesion. 
Increased cough and expectoration, blood in the sputum, pain over the 
diseased area or the appearance of rales where none existed previously, 
may all be found. This indicates that there is a focal reaction produced 
and if this is severe it may lead to an activity of the process and dissemi- 
nation of the disease to new areas. This constitutes the greatest danger 
in the test, but the dangér is avoidable in the majority of cases if small 
initial doses are used, and the examiner performing the test uses a 
proper technic and dosage, and is cognizant of the possibilities of doing 
harm by carelessness and using excessive doses. 

Certain preliminary conditions are requisite. Patients with more 
than a slight parenchymatous X-ray lesion should be excluded. The 
patient must not have a temperature above 99.2° to 99.4° F. (37.3° to 
37.4° C.) for a week before the test is made. The temperature must be 
carefully taken for several days before the first inoculation, so that the 
patient’s daily average can be known for comparison with the tempera- 
ture after the test. After the inoculation the temperature should be 
taken and charted every two hours for forty-eight hours. If possible 
the patient should be kept in ignorance of the possible symptoms to be 
expected to avoid confusion from the psychical element. During the 
reaction, and for forty-eight hours after this has subsided, the patient 
should be kept in bed. In patients with fever or acute symptoms this 
test is absolutely contraindicated. Fresh dilutions of tuberculin should 
be used as old solutions may lose their potency. Attempts to draw con- 
clusions from the degree of reaction in relation to the amount of tuber- 
culin injected have not been productive of definite results. Patients in 
whom the X-ray and physical changes are indefinite, whose sputum con- 
tains no tubercle bacilli, who have no history of hemoptysis or pleural 
effusion, can be safely returned to work at once when they fail to react 
focally to a second dose of .01 c.c. of O. T. 

Before leaving the subject of tuberculin tests for diagnosis, it must 
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again be emphasized that no tuberculin test differentiates active from 
latent tuberculosis, and many persons who are not suffering from clinical 
tuberculosis and who are not in need of treatment will show reactions. 
The various tests have a distinct value in the diagnosis of tuberculosis, 
but their interpretation is liable to many fallacies and a knowledge of 
these sources of error is essential if we are to obtain help from tuberculin 
when used diagnostically. On the whole, a carefully taken history, a 
study of the symptoms and a thorough examination of the lungs are 
more important in diagnosis than a tuberculin reaction. 

Complement-Fixation Reaction—Ever since the discovery of the 
Wassermann reaction as a means of diagnosing syphilitic infection from 
an examination of the serum for complement-fixing substances, it has 
been hoped that some similar reaction might prove of value in the diag- 
nosis of tuberculosis. During the past few years interest in this subject 
has been renewed and a great mass of work has been done in this country 
in examining the sera of tuberculous patients. For a detailed account 
of this work reference should be made to the various papers of Petroff, 
Caulfield, Bronfenbrenner, Craig and Korper among others, who have 
been indefatigable in applying the test. Not only has it been stated 
that a positive test revealed the presence of tuberculous infection, but 
it has been suggested that a positive reaction meant active disease while 
a negative reaction signified either no infection or an infection which 
was arrested and gave rise to no clinical symptoms. This last optimistic 
view has not proved to be true and the latest opinion is that the test 
has a restricted and not an absolute value. In fact in 10 per cent. of 
the cases with a positive sputum the reaction is neglective. Among the 
factors that have been instrumental in confusing this study is the fact 
that a multiplicity of antigens have been used, so that it is impossible 
to correlate the statistics given by the various writers. The test is per- 
formed in the same way as the Wassermann test for syphilis, except 
that for tuberculosis specific antigens have been used. The correct carry- 
ing out of the test necessitates care, skill and experience on the part 
of the investigator and also the facilities of a well-equipped laboratory, 
so that this test is not available for general use. The results of the 
test do not parallel those obtained from the use of tuberculin, because 
the tuberculin reaction is a cellular one while complement-fixation is 
humoral. On the whole, it may be said that the test, at best, is only 
one of a series and cannot be looked upon as giving definite informa- 
tion. If clinical and other evidence is opposed to the complement- 
fixation results, the former should be given much more weight than the 
latter. 

Other Serological Tests.—Attempts have been made to demonstrate 
agglutinins and precipitins of a specific nature in the serum of tubercu- 
lous patients and to devise reactions, based on the presence of such 
bodies in the diagnosis of tuberculosis. This work has not been produc- 
tive of any positive results and the tests are of no value in diagnosis. 

Erythrocytic Sedimentation Test.—When blood is prevented from 
coagulating, the rate of sedimentation of the red blood cells is faster 
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than normal in most pathological states. This test may be useful in 
determining the degree of activity in pulmonary tuberculosis. The rate 
increases with activity, when complications occur, and often during the 
administration of tuberculin. Fahraeus uses a tube graduated in milli- 
meters, 17 centimeters in length and 9 millimeters in internal diameter. 
Two c.c. of a 2 per cent. sodium citrate solution are poured into a test 
tube and the blood is allowed to flow from a vein into the tube up to 
the 10 c.c. mark. The graduated tube is filled with the citrated blood, 
thoroughly mixed, up to the 15 cm. mark. The tubes are placed 
vertically and the height of the cell mass is read at the end of one, two 
and twenty-four hours. In healthy men the cells settle at a rate of 
0.33 cm. per hour, and in healthy women 0.74 cm. The usefulness of 
this test is still on trial. 

Opsonic Index.— Wright worked out a technic to estimate the capac- 
ity of the leukocytes to take up bacterial bodies, and by comparing this 
capacity in disease with that in health, obtained what he termed the 
“‘opsonic index.’”’ The serum is supposed to contain bodies called 
opsonins which prepare the bacteria for phagocytosis and the amount of 
such opsonins is supposed to be an index of immunity. The work is of 
interest in a historical study of immunity on tuberculosis, but has no 
practical value. 

Spirometry.—The amount of air which a person can expire on full: 
expiration after maximum inspiration is called his vital capacity. 
Hutchinson found with the spirometer that the vital capacity was sub- 
normal in 22 cases of early, and 9 of advanced pulmonary tuberculosis. 
Garvin, Lundsgaard and Van Slyke found, in 9 cases of minimal pul- 
monary tuberculosis, the total lung volume was normal and the vital 
capacity diminished as a result of residual air, i.e., the quantity remaining 
after a maximum expiration. In 22 cases of moderately advanced 
pulmonary tuberculosis the total lung volume, which is the sum of the 
vital capacity and the residual air, was markedly decreased in most 
cases, and the vital capacity was decreased as a result. Dreyer finds, in 
active pulmonary tuberculosis, a definite decrease of vital capacity which 
increases as the patient improves. The vital capacity is reduced, on the 
average, in all parenchymatous lesions; it decreases with increasing 
extent of X-ray and physical signs, and with an increase of symptoms. 
Dreyer says this is due to toxemia. Normal standards may be calcu- 
lated from the relation of vital capacity to surface area, Dreyer’s weight 
formula, stem length or standing height. Some of the factors which 
influence readings are sex (higher in males), age (diminishes with loss of 
elasticity of tissues), physical fitness, cardiac efficiency, interference with 
ingress and egress of air (as in asthma), flexibility of thorax, etc. (See 
the work of Dreyer, Wittick, Meyers, etc.) 

Pneumatometry.—Pneumatometry, or the measurement of the force 
of inspiration and expiration, shows some diminution in inspiration and 
a normal expiratory power which is the reverse of the conditions found 
in asthma and emphysema. This method is of no value in diagnosis. 

Blood-pressure.— Alterations in this have been described under the 
headings of Objective Symptoms, Cardiovascular System. 
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Instrumental Examinations.—These are not of importance in pul- 
monary tuberculosis. Thoracoscopy is a method of exploration of the 
pleura invented by Jacobaeus. An instrument somewhat like a cysto- 
scope is introduced between the ribs, after a pneumothorax has been 
produced. The interior of the pleural cavity can then be examined 
visually through the instrument but the technic is very difficult. 

Roentgen Ray Examination.—Probably the most important new 
method of ‘diagnosis of pulmonary tuberculosis in the past two decades 
is the roentgenographic study of the chest. It has been called the last 
refinement in diagnostic methods and a few over-zealous supporters 
have even foolishly predicted that the day would come when physical 
examinations would no longer be necessary. At the opposite extreme 
are a few physicians who can see no help in roentgenographic examina- 
tions and who, usually without any experience with it, look on this as 
an interesting method which gives no practical aid. A middle position 
should be taken and the X-ray should be considered a definite addition 
to the former diagnostic methods, helpful when used in conjunction with 
history, symptoms, examination, etc., but which, like most methods, is 
not infallible and which, if absolutely depended upon, may lead to error. 

Although the technic requires considerable skill and the best results 
are obtained from specially trained experts, it is unwise to permit these 
men to inake diagnoses for us from the plates alone. This is becoming 
a common practice with some physicians who feel that they have neither 
the experience nor time necessary to examine properly and diagnose 
their pulmonary cases. It is attractive to think that a diagnosis can 
be made by a definite procedure and that a visual image will clear up 
the knotty points of a complicated condition, but like most short cuts 
to knowledge the results may be disastrous in some instances. The 
main reason for this is that an X-ray plate shows shadows of different 
densities and nothing more, and does not tell us to what these shadows 
are due. Different lengths of exposure, varying penetrations, different 
methods of developing the plates and other technical variations may 
all produce slightly different pictures of the same chest. To attempt a 
diagnosis from some plates is an impossibility, owing to defective technic 
in making the exposure and in development, while a good plate would 
give definite information. Some tuberculous changes which occur in the 
lower lobes do not seem to produce any shadows on the X-ray plate, but 
are quite readily recognized with the stethoscope. 

Bearing in mind these possible sources of error it is readily seen how 
important it is to know that the plates are made in a careful, scientific 
manner by a man whose technic is as perfect as possible. With such 
plates the knowledge obtained from the clinical examination will be 
amplified and our diagnoses made more accurate. The question as to 
whether to use a single plate or a pair of stereoscopic plates is not a 
matter of personal preference and experience, as the stereoscopic plates 
are on the whole more accurate and less liable to misinterpretation, as 
in these the superimposed shadows are separated and their relative value 
and intensity more readily demonstrated. This is important as there is 
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a tendency to overread plates of the chest, that is, to see in them shadows 
which are of no pathological significance. 

There are two methods of roentgen ray examination of a chest— 
the fluoroscopic, and the roentgenographic or plate. Both have their 
function and both their limitations. The fluoroscopic, or direct, examina- 
tion of the patient through a screen requires an absolutely dark room 
and also that the examiner’s eyes be accommodated to the dark if the 
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shadows are to be appreciated. By fluoroscopy we can determine move- 
ments in the thorax, cardiac pulsations, relative movements of the two 
sides of the diaphragm, the expansion of the thorax, the lighting up of 
the lungs with inspiration, changes in position of collections of fluid, 
transmitted cardiac impulses in such fluids and succussion waves—all 
of which are not seen on the plate. On the other hand, the finer shadows 
which appear on the plate are not seen by fluoroscopy, and only the 
grosser changes are apparent. The plate, once taken, can be studied 
at leisure, and shows with greater nicety the intensity of the shadows, 
their shape and character, and is a permanent record of the condition 
at the time. 
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To interpret plates of pathological lungs properly it is necessary 
to be thoroughly familiar with the appearance of the normal chest. 
Normally the apices are less clear than the bases, due to the smaller 
air content and the relative thickness of the muscles in this region. 
The scapule appear as areas of lessened transmission of rays in the 
external part of the upper thorax. In muscular persons the pectoral 
muscles may be seen in outline. The breasts of females appear as 
semi-circular shadows in the lower part of the thorax. The diaphragm 
is shown as a heavy shadow at the base, with the right dome usually 
slightly higher (1 to 2 cm.) than that on the left side. The heart shows 
much more to the left of the median line than to the right. The hilus 
shadow is made up of glands, bronchi, arteries, veins and lymph-vessels. 
This is normally more noticeable on the right side than on the left, as 
much of the left hilus is concealed by the heart and aorta. Extending 
outwards from the hilus towards the apex, periphery and base are 
branching shadows becorning finer and less dense as they extend outward. 
These are known as the bronchial tree and are composed of bronchi, 
blood- and Jymph-vessels. In many adults calcification of the costal 
cartilages will be seen and occasionally also cervical ribs are demonstrable 
on the plate which have not been suspected previously. Thus the normal 
chest presents many shadows which must not be confused with abnor- 
malities. 

What are the shadows found in cases of pulmonary tuberculosis? 
These are manifold in shape, intensity, arrangement and localization. 
The earliest infiltrative changes, although they may give signs on 
auscultation, in some cases may not throw a recognizable shadow with 
the X-rays until they have reached a certain density. Usually the 
earliest changes seen on the plate are more or less thickening and beading 
along the trunks in a localized area. Of the shadows which are not 
modifications of the normal, all varieties are found, from a fluffy, smoke- 
like shadow to those so dense that they obliterate the normal lung 
markings. Dense, sharply defined, small, rounded or irregular shadows 
suggest fibrous or calcareous nodules. The densest shadows that are 
seen in the thorax are produced by calcified areas in the lungs, pleura, 
or bronchial glands. The typical shadow is rather mottled than of 
uniform density. A generalized mottling or speckling throughout the 
lungs may be indicative of miliary tuberculosis. Where the shadow is 
dense and well defined there is a suggestion of a fibroid condition, but 
in X-ray study as in clinical examinations there is no absolute criterion 
of healing or, on the other hand, of activity. An aid in the recognition 
of fibrosis and contraction of the lung is the position of the tracheal 
shadow, which is pulled over toward the shrunken lung. The heart and 
mediastinal shadows are also displaced laterally toward the contracted 
side. The heart may be displaced also by pressure, as in pleural effu- 
sions, and in artificial and valvular pneumothorax. The height of the 
diaphragm frequently gives an indication of fibrosis in the lung above. 
The X-ray plate often gives us much information when there is a question 
as to whether we have a thickened pleura or some intrapulmonary con- 
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dition to deal with. For this differentiation it is often necessary to have 
stereoscopic plates. We cannot obtain absolute information as to the 
presence or absence of pleural adhesions from an X-ray examination. 
Frequently, however, an irregular contour of the diaphragm is caused 
by adhesion between this and the base of the lung, and sometimes adhe- 
sions between the pericardium and diaphragm may be seen. In pneumo- 
thorax cases, whether spontaneous or artificial, adhesions are often seen 
as bands extending from the collapsed lung to the parietal pleura. 
Small effusions are demonstrable as a shadow in the costodiaphragmatic 
angle. If the effusion is larger, the upper border of the shadow has 
a curved outline with the convexity downwards and its highest point in 
the axillary line. The dense shadow caused by the effusion becomes 
gradually less intense in the upper portion. If there is air as well as 
fluid in the pleura, the shadow is horizontal and of equal density through- 
out. Effusions between the lobes of the lungs can be demonstrated by 
the X-ray when the physical signs leave doubt as to the nature of the 
condition. A pneumothorax is shown by a greater transmission of the 
rays than occurs through the lung tissue. There is also an absence of 
lung markings. The lung itself is seen as an area of shadow crowded 
toward the median line. If the pneumothorax is not complete, the lung 
will be seen less compressed and of varying shape, according to the loca- 
tion and extent of the adhesions which prevent its full collapse. Occa- 
sionally partial pneumothorax is revealed by the X-rays which escapes 
detection on physical examination and which does not give typical signs. 
Cavities in the lung itself are shown as localized areas of high light, 
frequently surrounded by a denser zone of shadow. These vary in 
shape, and the lung markings are partially or completely absent. These 
cavities must be differentiated from annular shadows which may be 
pleural in origin. These have been studied and described by Samson, 
Heise and Brown. The fact that such shadows disappear at times is 
suggestive proof of the fact that they cannot be intrapulmonary. 

One of the greatest advantages of roentgen plates is the differentia- 
tion of tuberculosis from other conditions which somewhat resemble it 
clinically. Among these may be mentioned foreign bodies in the lungs, . 
abscesses, bronchiectasis, new growth and unresolved pneumonia. An- 
thracosis, chalicosis and silicosis may give shadows in the lungs which 
are confusing if the occupation of the patient is not borne in mind. 
Rarer conditions which may be revealed by the X-ray are cysts and 
diaphragmatic hernias. 

Serial X-ray plates are of the greatest aid in treatment, and even in 
diagnosis. They should be taken at least every six months and fre- 
quently more often. 

The accompanying plates (taken by H. L. Sampson at Trudeau) : 
are shown to give an idea of some of the more common types of shadows 
seen in pulmonary tuberculosis, but do not at all fully represent the 
great diversity of pictures which may be observed. 
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DIAGNOSIS 


While in many cases the diagnosis of pulmonary tuberculosis is or 
should be easy, only too often it is not made by the general practitioner, 
and perfectly apparent symptoms are explained away by other, and 
much more unlikely, causes. Tuberculosis is frequently one of the 
possibilities last thought of in diagnosis instead of being one of the more 
probable causes of pulmonary symptoms. When it is remembered that 
approximately one out of every ten deaths is caused by tuberculosis 
and by far the greatest number of these are due to infection in the lungs, 
it will be seen that in at least 10 per cent. of persons a diagnosis of 
tuberculosis must at some time be made, and as there are a certain 
number of vatients who recover from tuberculosis of the lungs, the 
incidence of the disease is even greater than the mortality statistics 
would show. These figures should impress us with the fact that tubercu- 
losis is one of the most common diseases from which the human race 
suffers. 

The reasons for failure to make a diagnosis more frequently are many 
and varied, probably the chief one being a failure to realize the almost 
universal occurrence of this infection and the frequency of the disease. 
Another reason is the fact that consumption is not looked for more often, 
particularly by practitioners in the country or small towns, where it is 
supposed to be less prevalent than in cities. A lack of time for examina- 
tions, due to press of other work, and insufficient care with examination 
and case history, rather than lack of knowledge, are very frequent 
causes of faulty diagnosis. The multiplicity of symptoms and physical 
signs with the extremely variable modes of onset are often stumbling 
blocks to correct interpretation. Not seldom, in a desire for certainty, 
the physician will depend more upon a report of a sputum examination 
than upon his own Judgment. Finally, one of the chief obstacles to 
making a diagnosis of tuberculosis is the desire of the physician— 
particularly if he has been the attendant of a family for some time—not 
to have to tell the patient that he is tuberculous, as this is so often 
considered a stigma or something degrading. In the endeavor to avoid 
this unpleasant task tuberculosis is the last thing thought of, instead of 
being the first and most probable diagnosis. In many cases neglect to 
make a diagnosis is almost malpractice, and patients frequently lose 
their chances of recovery by the ignorance or carelessness of the physician 
whom they consult. Time and again patients with advanced disease 
have reported that they have suggested from their own symptoms that 
the lungs be examined, only to be assured that there was no possibility 
of tuberculosis, and later have found out, only when too late, that their 
lungs were extensively diseased. 

It is not, however, always easy to make a diagnosis of pulmonary 
tuberculosis, and in many cases only after a carefully taken history and 
a painstaking examination of chest, sputum, blood, etc., with X-ray 
examination and observation for some days, can a diagnosis be made, 
and even then the decision must often be a probable rather than a 
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positive one. Specialists with widest experience and greatest skill are! 
often in a quandary as to whether tuberculosis is the cause of the 
patient’s symptoms, and if several are consulted, different opinions will 
he given. The main cause of difficulty in diagnosis is the fact that, while 
the majority of persons harbor a tuberculous focus or foci somewhere 
in their bodies, this may never have been active, as judged by clinical 
standards, and its presence never considered until it was accidentally 
discovered. Nevertheless this latent focus will cause reactions to tuber- 
culin, may cause compleinent-fixation to tuberculous antigens, and give 
rise to the general reactions which we know are diagnostic of tuberculous 
infection. 

A distinction must be made clearly in our minds between infection 
with tuberculosis—which 1s practically universal and is quite compatible 
with good health—and disease caused by the activity of such tuberculous 
infection, which is a clinical manifestation and requires care and treat- 
ment. Another difficulty in diagnosis arises from a similar pathological 
condition, but one which follows a different clinical course. This is 
the fact that a person who has once had clinically recognizable pul- 
monary tuberculosis will always have changes in his lungs, to a gicater 
or lesser degree, which may give the same signs as an active lesion in 
another paticnt. All the general reactions and tests will be positive, 
but yet such a person is not sick with tuberculosis at the time. If such 
a patient, as exemplified im our arrested cases, develops a simple laryn- 
gitis or other Jespiratory infection, it will be a very fine point in diagnosis 
to decide whether the symptoms are due to the old tuberculosis or to 
the more recent respiratory infection. Frequently it is necessary to 
make a diagnosis founded on symptoms rather than on signs; and as 
the symptoms of pulmonary tuberculosis are diverse and may relate to 
any organ of the body, the difficulties in diagnosis are great. In the 
inajority of cases which are not readily diagnosed, it is necessary to 
consider history, symptoms, physical findings and the results of special 
tests, thus obtaining a picture of the whole and not stressing any one 
particular point. Experience and good judgment are our greatest assets 
in making a <liagnosis in these cases, and frequently even the most 
experienced will be forced to give his opinion as being probably correct 
rather than positive and definite. Early tuberculosis of the lungs must 
often be diagnosed on probabilities rather than certainties, as the symp- 
toms are frequently slight or indefinite and the signs in the lungs are 
often differentiated with difficulty from alterations which may be con- 
sidered normal and perfectly compatible with health. 

Is there no one finding from which a positive diagnosis can be made? 
Yes. Tubercle bacilli in the sputum. This is the one and only positive 
fact on which to base a diagnosis and even this is hable to misinterpre- 
tation. Tubercle bacilli in the sputum indicate the presence of tuber- 
culosis somewhere in the respiratory tract, but it is possible and some- 
times happens that a lesion discharging bacilli is arrested and gives no 
symptoms from a clinical standpoint. If the diagnosis can only he 
made with certainty by the demonstration of bacilli in the sputum, what 
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are the conditions which enable us to diagnose changes in the lungs with 
a good degree of probability before these bacilli are found? If we wait 
until bacilli are found, in many cases we unwisely delay the diagnosis 
to such a degree that valuable time is lost for treatment, and often 
the patient will lose his chances of arrest by such delay. Thus in the 
majority of cases we must give our opinion for or against tuberculosis 
without the crucial test of the presence of bacilli. A well-advanced 
case giving a history of chronic cough with expectoration, emaciation. 
general lassitude, fever, pain in the chest and night sweats presents u 
presumptive diagnosis of tuberculosis even without an examination of 
the chest. Frequently the history alone is sufficient to suggest the diag- 
nosis, and for this reason a carefully taken history cannot be too strongly 
insisted upon. In taking this the existence of tuberculosis in some remote 
family connection is not of great importance and is of much less weight 
than a history of opportunity for infection from some member of the 
immediate family or other person with whom the patient has been in- 
timately associated at any time from birth onward. A liability to cold- 
and acute respiratory infections is always suggestive. <A story that the 
patient has not been strong and has had previous breakdowns whieh 
were not satisfactorily explained is also worthy of note as suggesting infec- 
tion. Enlarged glands in the neck at a previous time, if not due to enlarged 
tonsils or septic conditions in the mouth, are a point of importance. 
Among the symptoms which have been described, sume are more im- 
portant than others; the two most important are hemoptysis and pleurisy. 
A frank spitting of a teaspoonful or more of pure blood is usually in- 
idicative of tuberculous infection, and it is a safe rule to make a diag- 
nosis of tuberculosis unless the hemoptysis can be attributed to some 
other cause. Simple streaks of blood in the sputum are less posi- 
tive and may be due to nasopharyngeal, laryngeal or tracheal condition~ 
which can usually be decided by careful examination. The same rule 
as 1s given for hemoptysis holds equally good for pleurisy. An idlo- 
pathic pleurisy, either plastic or with effusion, should be considered 
tuberculous until proved otherwise. In a considerable percentage of 
case histories we find that at some previous time there have been 
one or more definite attacks of pleurisy which have not excited suspicion 
until later events have made a diagnosis of tukereulosis certain. Per- 
sistent cough, either with or without expectoration, if lasting more than 
a month, demands an examination of the chest and sputum and, even it 
this is negative, the patient should be kept under obigrvaton until the 
cough has disappeared or been satisfactorily explained, An important 
‘point in the examination is a relatively low weight for the height and age. 
This is considered of great Importance by insurance companies, many of 
which refuse an applicant if the weight is below normal limits. Fever, 
even if only a little above 99° F. (37.2° C.) every night, is always sug- 
gestive of infection. A rapid heart action—particularly if persistently 
so even after rest—is important. ’No definite conclusions or even sug 
gestions can be drawn from the habitus of the person, for we find tuber- 
culosis in all types, the tall, thin, stooped-shouldered, flat-chested, 
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hardly more often than in the stocky, well-built, large-framed and 
muscled, athletic person. 

As regards the examination of the chest itself what signs are diag- 
nostic of tuberculosis? The question is often asked: what is the mini- 
mum change in the lungs that is necessary for a diagnosis of tuberculosis? 
In reply, the writers would say that there is no absolute standard on 
which a diagnosis can be based, but that the interpretation of changes 
found is as Important as the actual finding of the changes themselves. 
Pulmonary tuberculosis in its early stages is found chiefly in the upper 
parts of the lungs. Any changes located at an apex, just below the 
clavicle, in the upper part of the lower lobe posteriorly and around the 
hilus region either front or back, are suggestive. In children an infiltra- 
tion extending out from the hilus is a common localization. In diag- 
nosing apical tuberculosis it must be remembered that there are differ- 
ences in signs at the two apices on account of the different relationships 
of the bronchi, vessels and trachea. Breathing at the right apex is 
normally more bronchial in character than at the left and vocal fremitus 
and resonance are commonly increased. Probably the safest diagnostic 
sign is the persistence of rdles, usually moderately coarse, which are 
localized above the third rib and third vertebral spine. If a condition 
of this kind is found, a presumptive diagnosis of tuberculosis is always 
justified. 

Care must be taken not to confuse extrapulmonary sounds with intra- 
pulmonary rales. In the axille and over the bases of the lower lobes 
it is very common to find adventitious sounds which are either pleural 
or atelectatic and which have no diagnostic significance. In searching 
for rales the auscultation of the cough must not be overlooked, as in 
many cases rales can be elicited only by this means. As the signs found 
in the tuberculous lung are many and varied and depend upon the nature 
af the lesion, its stage of development, and its location, no definite rules 
for diagnosis can be given. A thorough examination of the chest may 
reveal certain abnormalities. These must be interpreted in the light of 
knowledge obtained from history, symptoms and special tests. Tuber- 
culin reactions are valuable as revealing the presence of an infection, 
but do not differentiate latent from active tuberculosis. During a 
general reaction following a subcutancous test there will be an increase in 
the signs over the suspected focus in about 15 per cent. of cases. If such 
increase is demonstrable, it is a very important diagnostic point, but to 
endeavor to obtain this in every case would be of greatest danger, for 
the increase in signs means a focal reaction of gross character which 
might easily lead to a spread of the disease. Diagnosis from the X-ray 
is often of the greatest help, but it is a fact that the plates are only too 
frequently over-read, that is, pathological conditions are read into plates 
which show no abnormalities. In order to interpret correctly chest plates 
a knowledge of the normal is absolutely necessary. [ven when abnormal 
shadows are present it must be remembered that such shadows indicate 
only variations in density and do not always tell what these shadows 
are due to. In the same way the physical signs of active and arrested 
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disease may be almost exactly the same, but the shadows on the X-ray 
plate will often show slight differences for arrested and active cases. The 
tendency to rely on the X-ray plate for diagnosis as an easy and rapid 
way of solving all problems is distinctly wrong. While a most valuable 
adjunct to other examinations, it is only when used in conjunction with 
history, symptoms and physical signs that it finds its true place. For the 
past ten years much work has been done with complement-fixation, in 
the hope that it would prove a test for activity or latency, but the 
conclusion is now justified that its verdict 1s not final; in obscure cases 
it is an aid in the same wav as tuberculin. 

On the part of some physicians at present there is a tendency to 
diagnose tuberculosis too frequently and to make this diagnosis in many 
cases where the symptoms can be attributed to other causes. ‘As an 
example of this, the medical staff at Trudeau Sanatorium,’’ wrote 
Paterson, “decided that 16 per cent. of the patients admitted during the 
year ending October 31, 1918, could be classed only as ‘suspected.’ While 
it Is erring on the safe side to make such a diagnosis and to recommend 
treatment, it is decidedly unfair to the patient himself to tell him he has 
tuberculosis.”’ But Paterson overlooked the fact that each of these 
patients had had either an hemoptysis of a drachm or more, or pleurisy 
with effusion, which renders such a diagnosis justifiable. At the present 
time a faulty diagnosis of tuberculosis is a distinct handicap to a person 
for the rest of his life, as the popular mind looks on the tuberculous person 
as an outcast and classes him with the leper. Legislation is also often 
directed more against the person than the disease. Employers frequently 
refuse to give work to a person who has had tuberculosis. Life insurance 
is frequently refused a person on whom the stigma of tuberculosis 1s 
placed. Tor these and many other reasons it is manifestly unfair to 
call a person tuberculous unless we are certain of our ground. In cases 
of doubt we can explain the possibilities to the patient or to his family, 
but before definitely inaking a diagnosis which is bound to be a hardship 
in many ways we must be sure in our own minds that we have justification 
for our decision. 

The diagnosis of pulmonary tuberculosis can be summed up as being 
a complex problem, not based upon any one sign or symptom or set of 
signs or symptoms, but upon a careful consideration of all the changes 
present, and an interpretation of such changes in the light of their 
relationship to one another and of their effect on the organism as a whole. 


DIFFERENTIAL DIAGNOSIS 


Owing to the multiplicity of symptoms, both systemic and localizing, 
pulmonary tuberculosis has frequently to be differentiated from other 
lung conditions as well as from diseases which produce somewhat similar 
general symptoms. 

Bronchitis.—Bronchitis should not cause anv confusion except in 
rare instances, as the signs in the lungs are usually bilateral and there are 
no changes in breath sounds or on percussion. The general svmptoms 
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are less severe and in the chronic forms, apart from cough and expectora- 
tion, there is usually nothing to suggest a tuberculous infection. When 
the bronchitis is secondary to a chronic nasopharyngeal infection 
there may be more difficulty in differentiating the condition. In this case 
the signs in the lungs may be localized to the apices or upper lobes, and 
the infection in the nasopharynx frequently gives rise to the general 
symptoms of fever, loss of weight, gencral malaise, etc. Not infrequently 
also the sputum may be blood-tinged or streaked, the blood coming from 
the nasopharyn,. In bronchitis albumin is never found in the sputum. 
Another point of confusion is the fact that in some chronic nasopharyngeal 
infections an acid-fast organism has been found in the secretions. This 
is, however, very rare, and not pathogenic for experimental animals 
and is probably saprophytic. 

Influenza.—An acute onset of pulmonary tuberculosis is frequently 
called influenza and the fact that we may find small areas of infiltration 
at the apices which clear up in one or two months has led to a diagnosis 
of influenzal bronchopneumonia. Any cough or change in the lung find- 
ings following an acute influenzal attack should be examined thoroughly 
and frequently before a diagnosis is made. The fact that the signs 
may clear up in a few weeks dloes not exclude tuberculosis. 

Bronchiectasis—The main points of differentiation between bron- 
chiectasis and tuberculosis are that in the former there is a long history 
of cough and expectoration which may often last for years; the localiza- 
tion of signs in the lower half of the chest; and the absence of tubercle 
bacilli in the frankly purulent sputum. Hemoptysis occurs frequently 
in bronchicctasis. 

Sinusitis—Particular attention has been directed by Rist and 
Webb, among others, to this condition, which may lead to a secondary 
pulmonitis. The original acute infection may result in a chronic in- 
flammation of the frontal or maxillary sinuses, and also in a resultant 
low-grade inflammation of the lung parenchyma characterized sympto- 
matically by asthenia, loss of weight and appetite, anemia, cough and 
expectoration, slight fever with occasional high febrile periods when the 
infection in lungs or sinuses is lighted up. The diagnosis of a non-tuber- 
culous condition is made on the absence of typical mottling in the 
A-rays, and the location of the lung shadows, more commonly in the 
lower half, and by the clearing up of the pulmonitis after the eradication 
of the original focus. The sinuses should always be suspected when the 
lung infection seems to be non-tuberculous. 

Chronic Non-tuberculous Lung Infection.—This is a general term 
which has been used to cover a number of conditions which resemble 
pulmonary tuberculosis in their symptomatology, but which are not 
caused by the tubercle bacillus. The pneumococcus and the influenza 
bacillus are the organisms usually associated with these conditions. 
The pathology has not been worked out, as no cases have come to 
autopsy, and the clinical characteristics are so indefinite that the con- 
dition is only mentioned in order that the possibility of confusion may 
be kept in mind. The physical signs, as Garvin and J. A. Miller have 
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pointed out, are usually basal. The attacks may be recurrent. Riesman 
has called attention to signs persisting after a bronchopneumonia. 

Fibrosis of the Lung.—Fibrosis of the lung is found in many work- 
ers In dusty trades, as miners, stone cutters, marble workers and those 
engaged in the manufacture of pottery. These patients present the signs 
of chronic fibroid phthisis and it is often hard, if not impossible, to 
differentiate the conditions. Tuberculosis frequently coexists. 

Abscess of the Lung.—Abscess of the lung occurs after operations on 
the nose and throat, after lobar pneumonia, and after pneumonias fol- 
lowing the administration of ether. These abscesses are often difficult 
to diagnose as the physical signs are often indefinite and may consist 
only of distant breathing. The X-ray picture is usually characteristic. 
The sputum may contain an acid-fast organism but rarely does. The 
history in these cases is of importance and will often give a clue to the 
condition present. 

Fungous Infections.—Actinomycosis, streptothricosis and leptothri- 
cosis as well as other fungous infections of the lungs are occasionally 
met with and can be diagnosed only by finding the fungus in the sputum. 

Asthma and Emphysema.—lIn cases of asthma and emphysema it is 
frequently difficult to demonstrate by physical signs the coexistence of 
a tuberculous focus. In these cases the X-ray is of the greatest help. 

Tumors of the Lung.—Tumors of the lung occur, both as primary 
growths and as metastases from tumors in other parts of the body. The 
symptoms frequently correspond very closely to those of pulmonary 
tuberculosis and pain, pleural effusion, at times hemorrhagic, and leuco- 
cytosis are often marked. The physical signs will vary with the Size, 
location and character of the tumor. The X-ray is of the greatest help 
in diagnosis especially if taken after the lung is collapsed or when the 
effusion has been replaced by air. The commonest tumors are carcinoma 
and sarcoma. Endothelioma of the pleura is occasionally met with. 
Metastatic hypernephroma is not an uncommon form of tumor in the 
lung. These may develop slowly and give symptoms for several years. 
Hemoptysis is a frequent symptom of this form of tumor. Dermoid 
cysts of the lung occur, and if the cyst ruptures into the bronchus, hair 
inay be found in the sputum. Echinococcus cysts have been described, 
but in this country are of extreme rarity. 

Syphilis of the Lung.—Syphilis of the lung is frequently mentioned, 
but rarely seen. The possibility of this condition should be borne in 
inind in cases of chronic fibrous disease in which tuberculous infection 
cannot be proved. A positive Wassermann reaction in these cases does 
not necessarily mean that the lung condition is syphilitic, as syphilis and 
tuberculosis are frequently found in the same person. 

Typhoid Fever.—In some cases the onset of pulmonary tuberculosis 
is accompanied by typhoidal symptoms. In the majority of these cases 
the temperature curve is not typical of typhoid, the daily variation is 
greater than that usually found in typhoid and it usually falls after 
bed rest. Digestive symptoms are also less marked in tuberculosis and 
the pulse is usually more rapid. 
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Malaria.——In southern localities tuberculosis, accompanied as it 
is by a sharp evening rise in temperature, often with chills or chilly sensa- 
tions, is frequently diagnosed as malaria. The general symptoms in pul- 
monary tuberculosis as well as those referable to the lungs and the examin- 
ation of the blood should render this mistake in diagnosis extremely rare. 

Pneumonia and Bronchopneumonia.—Acute pneumonic phthisis 
may correspond exactly in signs and symptoms to lobar pneumonia for 
the first week of its course, and the differentiation bet ween the two is only 
possible from the later course of the disease. The constitutional symp- 
toms of chronic peribronchitis or bronchopneumonia are less than would 
be expected from the extensive signs. At times the differentiation 
between a small bronchopneumonia and tuberculosis is dificult. The 
history, mode of onset and general symptoms of the caxe should in 
the majority of instances serve to differentiate the two conditions. A 
patch of unresolved pneumonia may cause difficulty in diagnosis and it 
is only by careful consideration of all the facts of the case that a positive 
diagnosis can be made. The X-ray shadow in an unresolved pneu- 
monia is much more homogeneous than is usually found in tuberculosis. 

Septic Endocarditis—This condition is not infrequently confused 
with pulmonary tuberculosis. A careful examination of the heart and 
cultures made from the blood will serve to differentiate these two con- 
ditions. Differentiating signs are petechix, enlarged spleen, persistent 
leucocytosis, and irregular fever with or without chills. Chronic septic 
foci, such as are found in the tonsils and in the appendix, are not in- 
frequently—-from the general symptoms—diagnosed as tuberculosis. 

Cardiac Conditions.—Cardiac conditions, particularly mitral steno- 
sis, lead to a diagnosis of tuberculosis, particularly when they are accom- 
panied by hemoptysis. The location of the signs in the lungs, which are 
usually basal and bilateral, and an examination of the heart should 
make the diagnosis clear. 

Pernicious Anemia and Leukemia.—Pernicious ancnua and leukemia 
have sometimes been mistaken for tuberculosis, but the diagnosis 1s 
readily made by an examination of the blood. Chlorosis is frequently 
the prominent symptom of a latent or carly tuberculosis. 

Hyperthyroidism.—Hyperthyroidism gives many of the symptoms 
of an early pulmonary tuberculosis: low fever, rapid heart, nervous- 
hess, irritative cough and general symptoms. The lungs are negative 
unless the two conditions are associated, and in cases presenting the 
above-mentioned symptoms with negative lung findings the possibility 
of a thyroid condition should be borne in mind. Basal metabolism 
determination will often help to decide the diagnosis. 


COMPLICATIONS 


Pleurisy.—Pleurisy is so common a complication that it might al- 
most be spoken of as a symptom. The plastic or dry form is the most 
frequently met with, but this sometimes goes on to the development of an 
effusion. In a typical case the sharp pain in the side, shallow respira- 
tion, irritative cough and a friction rub of greater or less extent com- 
prise a syndrome of symptoms which cannot be mistaken, but there are 
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many cases in which one or more of these symptoms may be lacking or 
ill defined, and so render the diagnosis uncertain. There may be pain 
without friction and friction without pain, or the pain inay be felt at 
some distance from the site of the pleurisy, being referred along the 
intercostal nerves or to the shoulder and even down the arms. The 
abdomen is a fairly frequent site of such referred pain. Intercostal 
neuralgia and pleurodynia, early herpes zoster, before the rash appears, 
and vertebral caries with referred pain along the intercostal nerve have 
to be differentiated from dry pleurisy. It must be remembered that 
an intercostal neuralgia is frequently due to an irritation of an inflamed 
pleura somewhere along the course of the nerve. Treatment. consists 
of immobilizing the affected side by binders, adhesive strapping or the 
use of posture and sandbags; the application of heat or an ice bag, 
and counterirritation with iodin, capsicum or mustard. Opiates have 
to be used in some cases to control the cough and relieve the pain. 
Effusions develop in a certain proportion of cases of pleurisy, but 
the number of such effusions is small when we consider the frequency 
of piastic pleurisy. With the development of an effusion the symptoms 
completely change, the pain disappears and gives place to a feeling of 
heaviness and uppression. The sudden disappearance of pain during 
an attack of pleurisy should always make us suspicious of effusion. 
Dyspnea will be present if the effusion is large, or if, as sometimes oc- 
curs, the effusion forms in the pleura of the lung which is least. affected 
by the tuberculosis. Examination of the chest shows a flat note over 
the effusion, the line of dullness being more or Jess irregular and in 
the form of an clongated letter S, as described by Garland, the highest 
point being in the axilla. If the effusion occurs in a pleura with few 
or no adhesions, the line of dullness will vary when the patient alters his 
position, but this is frequently difficult to demonstrate. The lung is 
compressed by the fluid, and changes in physical signs will be found 
above the fluid level. The other organs’in the chest will be displaced if 
the effusion is large in amount, and this is particularly noticeable in the 
case of the heart. The liver may be depressed downwards in right-sided 
effusions, and the stomach by those in the left pleura. In the latter case 
various symptoms of disordered gastric function may be present. Groc- 
co’s triangular area of dullness on the opposite side, extending upwards 
along the vertebral border, with its base at the diaphragmatic line, is 
frequently found and has been considered diagnostic of a pleural effu- 
sion. There may be a ‘distinct bulging of the chest wall in large effu- 
sions, and respiratory movements are limited or absent. Over the dull 
area vocal fremitus is absent as is also vocal resonance, but just above 
the upper margin of the effusion the spoken voice may have a peculiar 
nasal quality which is called egophony. The breath sounds are feeble 
or absent, but in some cases a distant bronchial breathing and a whis- 
pering pectoriloquy are heard. The X-ray shows the shadow of the 
upper margin of the fluid to be somewhat crescentic with the curve 
downward and the highest point of the shadow in the axillary region. 
The development of an effusion is usually ushered in by a sharp rise in 
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temperature, but if the fluid has been present for some time the temper- 
ature may be absolutely normal. 

Many of the effusions accompanying pulmonary tuberculosis are 
found to be of distinct benefit to the patient, and improvement often 
begins after the development of an effusion. For this reason aspiration 
should be performed only when there is a distinct indication for removal, 
such as interference with respiration or the heart’s action, or when 
the fluid has been present for a long time, and there seems no prospect of 
its being absorbed naturally. The fluid is usually clear or faintly 
turbid, serous in character, clotting readily, containing a few leukocytes 
which are chiefly lymphocytic. There may be a few red blood-cor- 
puscles and some large cells derived from the lining of the pleura. It 
has a specific gravity of 1.018 or higher, contains albumin, 4 per cent. 
or over, and a large quantity of fibrin. Rivalta considers nucleo-albumin 
to be a constant component of inflammatory exudates. Among the rarer 
constituents of pleural fluids are cholesterin, fat, uric acid, biliary acids 
and pigments. Occasionally the fluid 1s frankly purulent, but this is 
rare in pleurisies unless a pneumothorax—either spontaneous or artificial 
—is also present. Tubercle bacilli can seldom be demonstrated in the 
serum, but inoculations into guinea pigs are almost always positive. Fluid 
in the pleura must be differentiated from intrapulmonary changes, as pneu- 
monia, a thickening of the pleura, and new growths of either lung or 
pleura. The possibility of the fluid being encapsulated by adhesions or 
being held between the lobes of the lungs must be borne in mind. 

A form of pleurisy, localized at the apex of the lung, has been de- 
scribed by Sergent and German. In this the chief signs are diminished 
vocal fremitus, impaired percussion note, weakened breath sounds, cog- 
wheel breathing or friction, lessened transmission of the X-rays, irregu- 
larity of the pupils, supraclavicular adenitis and scapular pain. 

Pneumothorax.—Pneumothorax is one of the most serious and fatal 
complications of pulmonary tuberculosis. Fortunately it occurs only in 
a small percentage of cases, but it almost always has a fatal termination 
—sometimes in a few days, but more commonly in six to nine months. 
In rare cases benefit has resulted from the collapse of the lung, but these 
cases are the exception. Pneumothorax often occurs after severe 
coughing, vomiting or physical strain, these acts causing a rupture of a 
cavity, usually superficial, and allowing the air to enter into the pleural 
space, but not uncommonly the pneumothorax occurs while the patient 
is resting quietly or even during sleep. The presence of adhesions may 
limit the air to a larger or smaller pocket and not allow the lung to 
collapse completely. While usually occurring in moderately or far- 
advanced cases, it sometimes occurs early and may be the first symptom 
of disease. A typical pneumothorax has a sudden and stormy onset. 
The patient feels a sharp, stabbing pain and then becomes rapidly short 
of breath. The pulse is rapid and feeble, the lips frequently cyanotic, 
the face has an anxious expression and the whole appearance is one of 
apprehersion. More or less shock is always present. These symptoms 
are severe for a couple of days and after this time tend to lessen unless 
the tear in the lung is valvular, in which case each respiration increases 
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the intrapleural tension and dyspnea, until a fatal termination takes 
place. Pneumothorax occurs more frequently on the left side, and the 
rupture is usually in the upper lobe near the fissure. In the majority 
of cases fluid will form in the pleura in a varying length of time after 
the onset. This is at first serous, but later becomes turbid and then 
frankly purulent. A mixed infection is commonly found, the bacteria 
from the respiratory tract gaining entrance to and contaminating the 
pleura; but, we frequently find a pure tuberculous effusion. In afew cases 
no fluid develops, the pleura remains dry. The tear in the lung may 
remain open or may close and, in this latter event, the lung may reéxpand. 

In pneumothorax there may be an increase in size and immobility 
of the affected side. The percussion note is generally definitely tym- 
panitic, but may be dull. Breath sounds may be feeble or absent or 
there may be breathing of normal intensity. The breathing has usually 
an amphoric quality. Whispering pectoriloquy is present. The heart 
is usually displaced to the opposite side and the diaphragm is pushed 
down. The signs which are peculiar to and almost pathognomonic of 
pneumothorax are the metallic tinkling of Laennec; the ringing bell- 
like sound heard with the stethoscope when a coin, held against the chest 
wall, is struck with the edge of another coin; and, if fluid is present, 
the succussion splash. A sign not generally recognized, but which 
Paterson believed was very constant, is the immobility of the lower 
margin of resonance with respiration. In almost all other chest condi- 
tions the line of the diaphragm moves up and down with respiration, 
but in pneumothorax this is not the case. Although pneumothorax is 
usually ushered in with marked and striking symptoms, occasionally it 
develops slowly without this acute onset and the condition is found 
accidentally. To these cases the term ‘‘silent or latent’’ pneumothorax 
has been given. A few cases of double pneumothorax have been reported. 

Laryngitis.— Laryngitis is one of the more common of the tuber- 
culous complications of pulmonary tuberculosis, its incidence being vari- 
ously estimated by different writers at from 8 per cent. to 40 per cent. of 
all cases in sanatoria, dispensary and private practice. The more care- 
ful the examination of the larynx the more often will tuberculosis of 
this organ be found. No examination of a person with or suspected 
of having pulmonary tuberculosis should be considered complete without 
an investigation of the larynx. The prognosis of laryngeal tuberculosis 
was formerly considered as bad and the presence of this complication 
was thought to add greatly to the seriousness of tuberculosis of the 
lungs. This view is now greatly modified, and, while tuberculosis of the 
larynx is &@ grave complication, with earlier diagnosis and institution of 
strict treatment, a large number of cases can be cured. 

The symptoms vary according to the location of the infection, and 
those in which the lesions are in the interior of the larynx will differ 
symptomatically from those with Jesions situated externally. Hoarse- 
ness, which is usually associated in the lay mind with tuberculosis, is 
rarely an early symptom, and may be due to conditions outside the 
larynx, as pressure of enlarged tracheobronchial glands on the recurrent 
laryngeal nerve. This symptom also occurs in early pulmonary tuber- 
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culosis without involvement of the larynx. The earliest symptom is usu- 
ally a scratching or tickling in the throat, as though a bristle had been 
swallowed and could not be coughed up. Pain is not present in every 
case and is associated most commonly with lesions of the epiglottis and 
exterior of the larynx. This may be slight or severe, steady or inter- 
mittent, and may radiate to the ear. Dysphagia is one of the most 
serious and unpleasant symptoms, as it is often so severe as to prevent 
the patient taking proper nourishment. Pain on swallowing varies 
with different patients and no one form of food is equally painful to. 
all patients. Acids and fruits cause the most pain, while many patients 
find sweet or salty foods cause more pain than other forms of nourishment. 
Liquids and semisolids can usually be most readily taken and the patient 
will often learn for himself some special position in which food causes the 
least pain. Hanging the head over the side of the bed will often enable a 
patient to drink with some comfort. External tenderness israre. Stridor 
and obstruction of respiration occur, but are rare. Increased salivation is 
often an unpleasant symptom of advanced cases. The lesions in the larynx 
itself may affect the cords, false cords, posterior commissure, arytenoids or 
the epiglottis and varyfrom a localized redness to infiltration, edema or defi- 
nite ulceration. The commonest site of early disease is the edge of the true 
cords at their posterior ends. The patient should not use his voice at all, al- 
though, in mild cases, whispering may be permitted. The mucous mem- 
brane may be stimulated by the use of menthol in albolene (1 per 
cent., gradually increasing to 5 per cent. if necessary); this often 
relieves the dryness and irritative cough, it is best applied by means 
of a laryngeal medicator, such as the Yankhauer, which the patient 
himself can use. If there is much mucus adhering to the larynx it 
should be douched off with warm saline solution before applying the 
oil. For the dysphagia, orthoform emulsion, anesthesin or 2 per cent. 
butyn solution and, if not otherwise controlable, cocaine (1 per cent.) 
should be dropped into the larynx fifteen minutes before meals. 
A mustard plaster or a cold compress will sometimes give relief. 
Persistent, severe pain may be controlled by injecting 1 c.c. of cocainized 
85 per cent. alcohol into the inner branch of the superior laryngeal 
nerve. Very good results have been obtained by the use of sunlight 
reflected from a concave metallic mirror to a metallic laryngeal mirror 
held in the mouth in a proper manner to reflect the rays to the larynx 
(Mills and Forster). The authors use, in addition, general radiation 
from the mercury-quartz lamp. Galvano-cautery puncturing gives 
good results in many ulcerative and infiltrative types. Direct applica- 
tions of caustics and astringents are very little used. 

Tuberculosis of the Ear.—Tuberculosis of the ear is much more com- 
mon than generally supposed. It gives few symptoms and is usually 
painless. Slight deafness is followed by a thin discharge, and examination 
shows multiple perforations of the tympanic membrane which do not 
have any tendency to heal. The mastoid 1s fortunately rarely invaded. 

Tuberculosis of the Nose.—Tuberculosis of the nose is a rare com- 
plication of pulmonary disease, but lupus of the nasal mucous membrane 
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may occur as an extension from tuberculous ulcers of the skin of the face. 
Tuberculosis of the Eye.—Tuberculosis of the eye is occasionally 
seen. The conjunctiva is probably most frequently involved, and here 
the disease may occur, according to Eyers, as (1) ulcers, including 
lupus; (2) miliary tubercles; (3) granulations, including phlyctenules; 
and (4) pedunculated tumors. The cornea, sclera, iris and retina are 
also sometimes affected and a condition of tuberculous panophthalmitis 
has been described by Liittge. Miliary tubercles are said to be found 
in the retina in over half of all cases of miliary tuberculosis; their pres- 
ence is often of diagnostic importance in obscure cases of the disease. 
Tuberculosis of the Mouth.—It is not uncommon to find a small 
tuberculous nodule on the inner side of the cheek or along the margin of 
the tongue. It is very often situated near a sharp tooth which scratches 
the mucous membrane and thus permits entrance of the bacilli to the sub- 
mucous tissues in which the tubercle develops. Ulceration is a common 
result, and the ulcers once formed show little tendency to heal and 
are apt to be very painful. The posterior pharyngeal wall is not infre- 
quently involved with tuberculous ulceration and often causes great 
discomfort. These tuberculous conditions frequently yield to persistent 
treatment with sunlight, which should be begun cautiously. 
Tuberculosis of the Tonsils.—This condition is occasionally seen as 
a part of widespread ulceration in the larynx and pharynx. Weller 
found tuberculosis in 2.35 per cent. of the tonsils of 8697 tonsillectomy 
cases. The pharynx may be involved as an extension of laryngeal 
disease, and occasionally solitary tuberculous ulcers are found. 
Tuberculosis of the Intestines.—Tuberculosis of the intestines is 
one of the most common complications of chronic pulmonary tubercu- 
losis, but is rare in the acute forms of this disease. The majority of 
cases of chronic pulmonary tuberculosis which come to autopsy show 
evidences of ulceration of the intestines; but as many of these cases 
have not shown any symptoms during life the percentage of clinically 
recognizable cases of intestinal disease is much lower, and we must 
conclude that a large proportion of such ulcers are latent, as regards 
symptoms. Ulceration may be found in any part of the small or large 
intestine, but the lower portion of the ileum and the cecum are the 
locations most commonly found to be involved. The early symptoms 
are, in the majority of cases, indefinite and a diagnosis rests on an X-ray 
study of a barium meal. Loss of appetite, nausea, flatulence, pain 
varying from a vague discomfort to acute suffering which may simulate 
appendicitis, usually felt in the lower part of the abdomen and coming 
on one hour or more after eating, looseness of the bowels which may be 
so great as to be a true diarrhea, constipation or an alternation of diarrhea 
and constipation, loss of weight and fever, not explained by the disease 
in the lungs, are symptoms which should lead us to suspect an intestinal 
ulceration. In some cases a mass, caused by a thickening of the intestinal 
wall or adhesions, may be palpable through the abdominal wall or by 
rectal examination. Occasionally abstinence from food for twenty-four 
or forty-eight hours will so relieve the symptoms as to make their origin 
in the intestinal tract a practical certainty. An examination of the 
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stools, although important, does not give conclusive evidence even though 
tubercle bacilli may be found, as careful search will show these organisms 
to be present in the feces of 90 per cent. of patients with bacilli in their 


‘sputum. Mucus, blood and pus are found in the stools, and if present 


together with tubercle bacilli in a suspected case increase the probabilities 
of ulceration in the intestines being present. While blood is found in 
the stools, it is usually in minute quantities, and a frank intestinal 
hemorrhage is rare. Perforation of the intestines through the base of 
an ulcer occasionally occurs. Tubercles are found in the peritoneum 
overlying the ulcers, but give no clinical symptoms. It not infrequently 
happens that, with the development of intestinal ulceration, the disease 
in the lungs seems to improve both as regards symptoms and signs. 
Thus, when we find a patient with apparently improving lung disease, 
but in whom the general symptoms are more marked, we should be 
on the lookout for ulceration of the intestines, particularly if there are 
also symptoms referable to the digestive tract, anorexia, flatulence, 
looseness of the bowels or constipation, and more or less abdominal pain. 

Recently X-ray photographs after the ingestion of a bismuth or 
barium meal have been employed to aid in the diagnosis. The test- 
meal is found to be somewhat delayed in entering the cecum, but having 
reached the ulcerated area it is hurried along more rapidly than normally 
and the head of the column is sometimes found in the rectum six hours 
after the meal has been swallowed, while in twenty-four hours the colon, 
in advanced cases, is almost free from barium or a small residue remains 
in the rectum. When the enema is given the pain may be severe from 
distention of the diseased colon, and the X-ray plate will sometimes show 
constrictions of the colon at the site of disease, or a fuzzy outline of the 
injected mass which is in sharp distinction to the smooth margin found 
where the mucosa is intact. The ileocecal valve is frequently incom- 
petent, and the barium is found in the lower part of the small intestines. 

Treatment of this complication is now satisfactory and need not 
be wholly symptomatic. Regulation of the diet affords little relief, but 
theoretically this should be as non-irritating as is possible. The bismuth 
salts, tannic acid in its various forms, gallic acid, aromatic sulphuric 
acid, lead and opium may be used to check the diarrhea or ease the 
pain. Salol is of doubtful utility. JIodin, as iodoform, the tincture, or 
in one of the less irritating organic forms, has seemed to relieve the 
flatulence in some cases. Clive Riviere quotes McDougal as having 
two fatalities from the intravenous administration of calcium chloride. 
The authors had one similar experience, but 5 to 10 ¢.c. of a five to 
ten per cent. solution of this salt is often helpful in intractable diarrhea. 
In recent years surgery has given us some hope of relieving the con- 
dition. If the disease is localized and the condition of the patient is 
such as to justify a resection of the bowel, permanent cure may be 
effected. In other cases where this is impossible, anastomosis of the 
intestines, from ‘above the lesion to healthy bowel below, has relieved 
the symptoms temporarily, but often gives little relief. In fact, helio- 
therapy, both natural and artificial, have largely replaced surgery in 
the treatment of this condition. It frequently yields excellent results 
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and cures the complication. X-ray treatment is also at times helpful. 

While tuberculosis of the intestines usually occurs as a complication 
of advanced pulmonary disease, it may also be present even in minimal 
cases, and it is in such patients that the greatest hope of treatment lies, 
but in these the diagnosis must be made early before the ulceration is 
extensive, if cure is to be expected. 

Peritonitis.—Peritonitis is a rare complication of pulmonary tuber- 
culosis as a clinical entity. In probably all cases where there is tuber- 
culous ulceration of the intestines there is more or less peritoneal in- 
volvement, but the symptoms of this are subsidiary to those of the 
ulceration. Occasionally a peritoneal effusion develops or the disease 
may be plastic in form, with adhesions between the coils of the intes- 
tines. Peritonitis of the upper abdomen, around the liver and spleen, 
may occur from a spread through the diaphragm of an infection in the 
pleura. In this form we sometimes find pain and tenderness on palpa- 
tion below the costal margin. 

Tuberculosis of the Appendix.—This is occasionally found as the 
only recognizable lesion in the gastro-intestinal tract. In about 20 per 
cent. of the cases of appendicitis occurring in patients with pulmonary 
tuberculosis the tubercle bacillus is the cause of the appendicitis. The 
symptoms are those of subacute or chronic appendicitis, but in a few 
cases the condition is acute, and perforation results. 

Tuberculosis of the Bones and Joints.—This is not a common com- 
plication of pulmonary tuberculosis, although a certain number of cases 
develop in sanatoria and health resorts. The hip, knee, shoulder, elbow, 
vertebrz and sacro-iliac joint are the most common localizations. Pain 
is the most marked symptom and usually comes on gradually, but in 
some instances its onset may be acute and more pronounced at night. 
The pain is at first slight and felt after the part has been resting, passing 
off with exercise, or limbering up. Later on it becomes more severe 
and constant, and is aggravated by exercise. Frequently the pain is 
not felt over the site of disease, but is referred along the nerves to a 
point some distance from the actual lesion. The pain is soon accom- 
panied by a disturbance of function, the part being protected involuntarily 
by the patient, by holding it in the most comfortable position by means 
of his own muscles. This muscular spasm will cause a limitation of 
movement long before there is any change in the joint sufficient to 
interfere with motion. An X-ray plate may or may not reveal bony 
or joint changes. Muscular atrophy is seen early, and this together with 
the thickening and infiltration in the periarticular tissues gives rise to 
the fusiform appearance so commonly seen. Abscesses develop fre- 
quently and burrow between the tissues, frequently appearing beneath 
the skin at some distance from their point of origin. When tuberculosis 
of the osseous system develops during the course of pulmonary tuber- 
culosis, it should be treated according to the recognized orthopedic 
methods, but with the realization that it is only one feature of the 
disease and at most a complication of the main trouble. 

Tuberculous Rheumatism.—Poncet has described a condition in 
which one or several joints show the characteristics of an acute articular 
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rheumatism, and which he believes is tuberculous. In tuberculous 
patients we sometimes see a Joint become painful, swell up, and show 
acute inflammatory symptoms which partially subside and later on the 
joint becomes definitely tuberculous; but in addition to this a chronic 
inflammatory condition of the joints which never assumes the character 
of true tuberculosis has also been noted. The arthritic symptoms in 
such cases vary considerably from time to time and the severity is fre- 
quently in inverse ratio to that of the pulmonary symptoms. The acute 
synovitis which is sometimes produced by inoculations of tuberculin 
seem to give grounds for the belief that these painful joints are in some 
way caused by the activity of the tubercle bacillus, which do not, how- 
ever, produce a true tuberculous change. In a few cases there seems 
to be some connection between tuberculosis of the lungs and a chronic 
polyarthritis producing ankylosis and deformity. 

Arthralgia——Pain of a more or less severe character is frequently 
complained of in the joints, particularly the larger ones. These pains 
are transient, appearing and disappearing without apparent cause and 
moving about from one joint to another. They may be slightly increased 
by pressure and movement, but examination of the joints shows no 
recognizable changes. 

Tuberculosis of the Muscles.—This is an extremely rare complica- 
tion, but has been occasionally seen and occurs as nodules, varying in 
size from a pea to a hen’s egg. These nodules are composed of tuber- 
culous tissue and may break down, forming cold abscesses, which may 
be confused with abscesses having their origin in bones or joints and 
then forcing their way into and between the muscles. Durante has 
described a diffuse sclerosis with widespread connective tissue formation 
elther with or without scattered tubercles. The tendon sheaths and 
burse may show tuberculous changes, being distended either by serous 
effusion in which the so-called ‘‘rice bodies”’ are found, or by fungous 
granulation tissue. Such changes are most frequently found on the 
flexor tendons of the wrist and in the prepatellar bursa. 

Tuberculosis of the Skin.—The various forms of tuberculosis of the 
skin, of which lupus vulgaris and tuberculosis verrucosa cutis are the 
most important, are rarely seen as complications of pulmonary disease 
but are usually found in persons otherwise healthy. Various tubercu- 
lids, the pathology of which has not yet been thoroughly worked out, 
occur in tuberculous patients. The most important are erythema nodo- 
sum and lichen scrofulosus. 

Tuberculosis of the Breasts.—Tuberculous nodules which may break 
down and give rise to abscesses are occasionally found in the breasts. 
These are usually chronic in development and give rise to few symptoms, 
being frequently discovered by accident. Occasionally there is pain 
and the axillary glands are enlarged. Hypertrophy of the breasts may 
occur but is rare, and is more often seen in men than in women. Retro- 
mammary abscesses are rarely seen, but may arise from an osteitis of 
the ribs or sternum and are sometimes caused by a direct extension of 
the disease from lungs or pleura. These usually develop more rapidly 


‘and occasion more symptoms than true intramammary disease. 
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Tuberculosis of the Genito-urinary System.—Tuberculosis of the 
kidneys is probably a less common complication of pulmonary tubercu- 
losis than is the reverse sequence of events. It is surprising how seldom 
we find clinically a complicating renal tuberculosis in pulmonary cases. 
When renal infection occurs it may be in the form of miliary tubercu- 
losis which gives no symptoms during life, of large caseating tubercles 
or of a tuberculous pyelitis. Tuberculosis of the bladder is always sec- 
ondary to a renal focus or to tuberculosis of the genitalia in the male. 
The symptoms of kidney or bladder tuberculosis are polyuria in the 
early stage; frequency and pain on micturition; pain localized over 
the kidney or shooting down the course of the ureter into the groin, at 
times being so severe as to be a true renal colic. Examination of the 
urine will frequently reveal pus, blood—either microscopic or macroscopic 
—and almost always tubercle bacilli. The method of demonstrating 
bacilli is described under the examination of the urine. Of 621 patients 
with renal tuberculosis, operated on at the Mayo Clinic, 69 showed 
occlusion. It is quite probable that the tubercle bacilli are excreted 
in showers at one time, and not at all at another. In 20 per cent. of 
cases with renal tuberculosis the X-ray plate will show abnormal shadows 
in the kidney area. Cystoscopic examination and urethral catheteriza- 
tion will determine the side involved. The best treatment in unilateral 
cases is nephrectomy. 

Tuberculosis of the genitalia is more often associated with urinary 
tuberculosis in the male than in the female, probably on account of 
the common canal for the two systems in the male. Genital tuberculosis 
is a more frequent complication of pulmonary tuberculosis in males than 
is renal tuberculosis. Beginning in the epididymis, it may invade the 
testicle and pass up the spermatic cord to the seminal vesicles and pros- 
tate. Previous gonorrheal epididymitis is said to have an etiological 
importance in the development of tuberculosis of this organ. Genital 
tuberculosis in the female is infrequent in pulmonary tuberculosis, but 
may be found in ovaries, tubes or uterus. Tuberculous salpingitis 
occurred in nearly one per cent. of all women admitted to the gynecological 
service at the Johns Hopkins Hospital (Greenberge). In this series of 
200 cases, both tubes were involved in 99 per cent., peritoneum 68 per 
cent., with ascites 50 per cent., uterus 72 per cent., and ovaries 33 per 
cent. The principal symptoms are pain in the lower abdomen, dys- 
menorrhea, leukorrhea, nocturia, dysuria and pollakiuria. Tuberculous 
ulcers of the vagina and labia have been described. 

Meningitis.— Fortunately this complication is not very frequent in 
adult patients, as it is almost invariably fatal, only a few cases of re- 
covery having been reported, in some of which there is room for doubt 
as to the diagnosis. The onset is usually gradual and characterized by 
headache, which is persistent and does not yield to treatment. In addi- 
tion to this the patient becomes irritable and fretful, and there is fre- 
quently a loss of memory. Hyperesthesia of the skin, localized or 
general, may occur. The mental symptoms become aggravated, and 
drowsiness and later coma or convulsions appear. Nausea and vomiting, 
sometimes projectile, are frequent early symptoms. Constipation is 
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common and toward the end there is retention of urine. Photophobia, 
dimness of vision and strabismus are usually present. The temperature 
rises at first, but later falls to subnormal. The pulse becomes slow. 
Kernig’s sign and rigidity of the neck are usually present. The patellar 
reflexes are usually absent or diminished, but may be increased. Babin- 
ski’s sign is positive as a rule. The abdominal and cremasteric reflexes 
may be absent. There is sometimes a dusky mottling of the skin which 
is transient. Dermatographia is sometimes present. Paresis of various 
muscles or groups of muscles will generally be found. Lumbar puncture 
reveals a clear or cloudy spinal fluid which contains an increased number 
of cells, in which polymorphonuclears may predominate early and 
lymphocytes later, although the latter are more common, and which 
gives the globulin reaction; usually a few tubercle bacilli may be found, 
especially in the clot. It often reduces Benedict’s solution. 

These changes in the spinal fluid are not found early, but are impor- 
tant from a prognostic standpoint. Sometimes tubercle bacilli are found 
in the urine and in the blood without any changes in the kidneys or 
bladder. Death occurs in from two to four weeks after the onset of 
symptoms, but is occasionally sooner. In a few cases the onset is 
stormy and sudden, so that a diagnosis of apoplexy is made. These are 
of interest mainly from a diagnostic standpoint as the course is likely 
to run only a few days. A few cases have recovered in which frequent 
drainage of the spinal fluid was employed. Anti-meningococcic serum 
has been used with success in several cases. 

Tuberculosis of the Heart—Tuberculosis of the valves of the heart 
has been described, but is so rare as to be of no particular importance. 
The pericardium not infrequently shows thickening and white patches 
at autopsy which are looked upon as the result of chronic pericarditis 
which may be of tuberculous origin. Clinically, however, tuberculous 
pericarditis is of infrequent occurrence. It may occur and present 
symptoms of ordinary pericarditis, pain over the precordium being the 
chief symptom. Pain on swallowing is also sometimes present, partic- 
ularly when the posterior part of the pericardium is involved. Adhesions 
between the pericardium and pleura are frequent and often give rise to 
pleuropericardial sounds which are difficult of interpretation. 

Phlebitis of the femoral vein occurs fairly frequently as a complica- 
tion, but owing to the weak condition of the patient the symptoms may 
not be marked. 


SEQUELE 


In a few cases it is possible that a lung lesion due to tuberculosis 
may absolutely clear up, leaving no trace. The possibility of this is 
demonstrated by animal experimentation where we sometimes find 
lungs, that have been extensively diseased, quite free from disease and 
tissue changes. This fact was demonstrated by Soper, who showed a 
series of lungs of infected rabbits before the National Tuberculosis 
Society in 1916 and later by Gardner. Clinical examination and X-ray 
study of patients will also sometimes show a remarkable disappearance 
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of lesions, at one time easily found and demonstrated. The possibility 
of this disappearance of lesions is also shown by the clearing up of the 
peritoneum and pleura after tubercles have been present. Contrary, 
however, is the general rule to this, and it is usually the case that tuber- 
culosis of the lungs leaves its mark in the form of patches of fibrous tissue 
with no regeneration of the tissue which has been destroyed by the 
disease while active. The amount of disability resulting from this 
fibrosis will naturally vary according to its extent and location. If 
small in amount there need be no inconvenience, as there is sufficient 
volume of lung left intact to carry on the functions of respiration. If 
greater in extent there will be retraction of the chest wall, limitation of 
expansion with accompanying dyspnea, displacement of the heart and 
mediastinum, and emphysema of the remaining lung tissue, which is also 
instrumental in increasing the dyspnea. 

The effects of tuberculosis of the lung are not limited wholly to the 
lungs themselves, but are found in all organs of the body. Many of the 
symptoms of tuberculosis are not local, but are referable to the system 
as a whole. These are caused by the absorption of poisons which orig- 
inate at the seat of disease and are carried far and wide by the blood 
and lymph. An autopsy on a case which has died from pulmonary tuber- 
culosis will show degenerative changes in the heart muscle, in the kid- 
neys, in the liver and other organs. If this is true of the cases which 
die, it must be true, but to a smaller extent, of all cases which have shown 
general symptoms. It may be impossible to demonstrate such changes 
by any means now at our disposal, but this does not prove their non- 
existence, and the conclusion seems justifiable that a disease of this 
nature in which absorption of poisons plays an important réle must leave 
its traces even after this absorption has ceased. It is not logical to assure 
our patients that they will be perfectly well after the lung lesion has 
fibrosed, and practically we have no justification for such statements. 
As a rule we find in so-called ‘‘healed”’ or “‘arrested’’ cases an inability 
to undergo the same exertions indulged in prior to the time at which 
pulmonary tuberculosis began to develop, without feeling their effects, 
both mental and physical. Another fact to be remembered is that 
tubercle bacilli are probably never completely eliminated from the body 
once they have developed definite pathological changes known as tuber- 
culosis. Lydia Rabinowitsch has demonstrated the presence of living 
bacilli in the center of calcareous nodules, which is the most complete 
form of healing that we recognize. If this is true of calcareous nodules 
—and it is comparable to the presence of typhoid bacilli in gall-stones 
years after the acute infection—how much more probable is the presence 
of bacilli in the fibrous tissue which is the more common form of healing. 
The presence of such bacilli in the system is a menace to the future 
health of the individual, and, given the same train of circumstances 
which preceded the development of the original disease, there is at least 
as great danger of further development and spread. 

Treatment of pulmonary tuberculosis should not cease with the ar- 
rest of the disease, but must be continued in a modified form for the 
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remainder of the patient’s life, if relapse is to be avoided. The striking 
examples of persors who have undergone great physical strain, after 
having had clinical tuberculosis, without breaking down should not be 
quoted as a general rule for the disregard of precautions. Many ex- 
patients enlisted and served in the trenches in France and Flanders 
during the World War with no apparent ill-effects, but these are the 
exceptions and do not prove that this procedure would have been safe 
or wise for the majority. 


ASSOCIATION WITH OTHER DISEASES 


INTERCURRENT DISEASES 


A discussion of the diseases which may be associated with pulmonary 
tuberculosis is practically a description of all diseases which may occur 
in a human being, for we know that there is no infection or disease 
to which a tuberculous patient is immune, from the fact of the pres- 
ence of tuberculosis. It is only necessary, therefore, to speak of some 
of the more important conditions which are commonly found asso- 
ciated in these patients, and to discuss their influence on and relation- 
ship to the original disease. A realization of the fact that the patient 
may have any one of a great number of other and non-tuberculous com- 
plications will save us from many errors in diagnosis. All symptoms 
which arise in the course of a chronic pulmonary tuberculosis should 
not, »pso facto, be ascribed to the tuberculosis, and a thorough inquiry 
into the origin of such symptoms should be made. Only by following 
this rule, which is too often neglected, can a rational treatment be insti- 
tuted and relief afforded the patient. It was formerly thought that 
pathological conditions which are characterized by an increased pro- 
duction of fibrous tissue, such as cirrhosis of the liver, chronic nephritis, 
arteriosclerosis and carcinoma, were antagonistic to the development of 
pulmonary tuberculosis, or if this latter disease occurred in the presence 
of these conditions, it would run a more chronic course and show a 
greater tendency to healing. The different age incidence of these dis- 
eases probably led to the belief in this teaching and now we know that 
there is no disease which hinders the occurrence or development of 
pulmonary tuberculosis, 


: DISEASES OF THE RESPIRATORY SYSTEM 


Coryza, la grippe, and common colds are not as commonly seen in 
patients in sanatoria and health resorts as among those persons living 
in more densely populated centers. This is largely due to fewer oppor- 
tunities for infection, and also to the out-of-door life led by such pa- 
tients. If an infection gains entrance to a community of tuberculous 
patients it will spread as it would in a city. The chief danger of such 
infections is that the infecting organism will get into the trachea, bronchi 
or lungs, and there set up an inflammatory reaction which may cause 
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a spread of the existing tuberculosis. The cough which accompanies 
these infections may also, by its mechanical effects, aggravate the pul- 
monary disease. It is always necessary to be cautious in making a 
diagnosis of an acute infection and to be sure that the symptoms are 
not due to an acute exacerbation of the tuberculous process. 

Influenza.—Influenza in its true form may have serious results if 
it occurs during the course of pulmonary tuberculosis. It is probable 
that this infection may be the starting point for the development of 
pulmonary tuberculosis in some persons who were previously healthy. 
The writers have seen several cases of this nature. On the other hand, 
as a general rule our pulmonary tuberculosis patients, when they devel- 
oped influenza, had a milder form of it than their previously healthy 
neighbors. The mortality was lower and there were fewer cases of com- 
plicating pneumonia. This may be due to several factors. In the first 
place, tuberculous patients took to bed at the earliest symptoms of in- 
fluenza. Secondly, the nasopharynges of these patients probably were 
freer from other organisms, owing to the ora] hygiene practiced as a 
routine measure. Thirdly, their out-of-door life probably saved many 
from overwhelming infections, and, finally, there is a possibility of some 
general non-specific immunity to other infections as the result of the 
tuberculosis. 

Laryngitis —Simple laryngitis may be present in the course of a 
tuberculous infection and must be differentiated from an early or be- 
ginning tuberculous condition. 

Bronchitis —Bronchitis may occur during the course of pulmonary 
tuberculosis and be accompanied by an increase in cough and expectora- 
tion. The rales are usually widespread and are found in both lungs. 
A more or less chronic bronchitis may follow pulmonary tuberculosis 
which has become arrested. This is probably due to some alteration in 
the bronchial mucosa through interference with the blood supply caused 
by the fibrosis in the surrounding lung. 

Bronchiectasis.—This condition is chiefly of interest from the stand- 
point of differential diagnosis, and is discussed under that heading. 
Small multiple bronchiectatic cavities are occasionally found as a result 
of tuberculosis, but are surrounded by infiltration and may occur at 
the apex. 

Abscess and Gangrene of the Lung.—These are rare in pulmonary 
tuberculosis, but are important in diagnosis. 

Pneumonia and Bronchopneumonia.—Pneumonia and bronchopneu- 
monia occur as the result of infection with pneumococci or streptococcl, 
as in otherwise healthy persons. True lobar pneumonia is rarely seen, 
but when it occurs the prognosis is serious, but not necessarily grave, as 
the added burden is likely to be too great a strain on the already over- 
worked heart and lungs. Pneumonia is seen as a sequence of hemoptysis 
and is of grave portent. 

Asthma.—Asthma not uncommonly occurs in conjunction with or 
as a complication of pulmonary tuberculosis. Although the respiratory 
strain should theoretically exert a harmful influence on the tuberculosis, 


Practice of Medicine—Tice. 


@aThese new pages 361-—568b take the place of the old pages 361-568, Vol. II. Take out the old, insert the new. 


ASSOCIATION WITH OTHER DISEASES 471 


this is not found practically to be the case. Some cases of asthma seem 
to have a tuberculous origin and, if the anaphylactic theory of asthma 
is true, there is no reason why the poison of tuberculosis should not be 
a causative factor. Hay fever may, of course, be associated with tuber- 
culosis. 

Emphysema.—Tuberculosis occurs in emphysematous lungs and is 
often very difficult to diagnose, being obscured by the changes in breath- 
ing and rales associated with the emphysema. Conversely emphysema 
occurs as a complication of tuberculosis, particularly if much fibrosis 
and shrinking is present. The emphysema is found both in the diseased 
lung and in the opposite one. While emphysema is frequently spoken 
of as compensatory, it is compensatory only in volume, as the actual 
breathing surface is diminished by breaking down of the alveolar septa 
and we often see an increasing dyspnea as the tuberculosis heals, due to 
the fact that the remaining lung tissue is stretched and distended. 


DISEASES OF THE CARDIOVASCULAR SYSTEM 


Valvular Lesions.—Rokitansky taught that valvular lesions—par- 
ticularly mitral stenosis—by causing a venous stasis in the lungs, pre- 
vented the occurrence and development of pulmonary tuberculosis. This 
is now known to be untrue and we find tuberculosis associated with 
any of the valvular defects. Such cardiac lesions apparently have no 
effect on the tuberculosis in the lung, and if the two occur in the same 
person each runs its own course uninfluenced by the associated con- 
dition. There is, however, one congenital cardiac lesion, namely, stenosis 
of the pulmonary orifice, which has a distinct predisposing influence 
upon the development of tuberculosis in the lungs. Maude Abbott states 
that the majority of persons with this defect who reach the age of puberty 
will eventually die of pulmonary tuberculosis, probably on account of 
the poor nutrition and imperfect development of the lungs, through lack 
of proper blood supply. 

Myocarditis.—Myocarditis occurs in all cases of advanced pulmo- 
nary tuberculosis, but may give few or no symptoms. The existence of 
a small heart was first noted by Brehmer in patients with pulmonary 
tuberculosis and he ascribed the development of the lung disease to this 
cause. We now know that this is a result of the chronic infection in 
the lungs. In an electrocardiographie study of 97 patients with pulmo- 
nary tuberculosis, Boas and Mann found in 29 per cent right ventricle 
predominance, in 30 per cent left ventricle predominance and in 41 per 
cent no predominance on either side. 

Arteriosclerosis.—This condition is not frequently seen in persons 
with tuberculosis, due to the different age incidence of the two diseases 
rather than to the fact, which has been frequently affirmed, that arterial 
tension in tuberculosis is low. In older persons the two diseases are 
found associated, and an acute course of the tuberculosis is not at all in- 
compatible with thickening of the arteries. 

Anemiss.—The various anemias, particularly chlorosis and perni- 
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cious anemia, are of importance chiefly from the standpoint of differential 
diagnosis. Chlorosis is frequently a manifestation of a latent tubercu- 
losis. 

DIsEASES OF THE DIGESTIVE SYSTEM 


Teeth and Gums.—A tendency for the teeth to decay readily has 
been stated to occur in persons with tuberculous infections, but dentists 
working in health resorts have told the writers that they cannot observe 
any difference in this respect between the teeth of persons with tubercu- 
losis and of those with no such infection. The occurrence of alveolar 
abscesses is also probably not greater than in non-tuberculous persons. 
Patients whose teeth are in bad condition and who for this reason cannot 
properly masticate their food will fail to respond to treatment, by reason 
of not obtaining proper nourishment from their food. Inflammation of 
the gums is observed in many cases, due to the general unhealthy con- 
dition of the patient. 

Tonsils—The tonsils are probably the site of infection in a fairly 
large percentage of patients. Crowe has found tuberculous changes in 
5 per cent. of a large series of tonsils removed in a throat clinic in 
Baltimore. Acute tonsillitis may have a harmful effect on tuberculosis 
of the lungs. In an epidemic occurring at the New York State Sana- 
torium at Ray Brook, in 1915, some of the patients showed an aggrava- 
tion of symptoms as a result of the tonsillitis. Inflammatory conditions 
of the tonsils or throat should be avoided if possible and, if such occur, 
should be vigorously treated. 

Stomach.—Any condition of the stomach may be associated with 
tuberculosis, and by interference with digestion and absorption will un- 
favorably influence the patient’s progress. 

Appendix—Simple appendicitis occurs not infrequently in pul- 
monary patients. Whether this is due to the sedentary life, together 
with an abundance of nourishing food, or to the constipation which so 
often results, is difficult to determine. It may occur in any of its vari- 
ous forms—catarrhal, acute or chronic, obliterative, perforative or gan- 
grenous. Ileocecal tuberculosis should always be excluded by X-rays. 
The treatment is the same as that for otherwise healthy cases. Removal 
of an appendix which is chronically inflamed often leads to marked 
improvement—through bettered nutrition—of the tuberculosis. The pa- 
tients may stand operation well if care is used in selecting and admin- 
istering the anesthetic. 

Hernias.—Hernias are frequently aggravated by the coughing in 
pulmonary patients, and attention to retaining the bowel in place is for 
this reason important. 

Tapeworm.—Tapeworm is sometimes seen in patients who have 
been taking raw beef juice as a form of extra nourishment. 


DISEASES OF THE GENITO-URINARY SYSTEM 


Nephritis.—Nephritis occurs among early tuberculosis patients in 
about the same proportion of cases as among the non-tuberculous, and 
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the course of the renal disease is not influenced by the tuberculosis, nor 
vice versa. The presence of a well-marked nephritis should be con- 
sidered as a contra-indication to the use of tuberculin, and probably 
also of artificial pneumothorax. Occasionally albumin and casts are 
found in the urine of patients who have had high fever, and these usu- 
ally pass off with the abatement of the fever. The statement has been 
made that albuminuria in a tuberculous patient always means tuber- 
culosis of the kidney, but this is far from being true. 


‘DISEASES OF THE NERVOUS SystTEM 


Mental Diseases.—Definite mental disease is not commonly seen in 
tuberculous patients, but acute mania is occasionally found. Melan- 
cholia is a more common type of mental disease, but is rare, although 
suicide is sometimes practiced during a period of mental depression. 
Persons who are insane very frequently develop pulmonary tuberculosis, 
and this is a cause of death in a large percentage of inmates of asylums. 
This is probably due to the confinement, careless mode of life and dirty 
habits of so many of these persons. The less grave mental conditions, 
neurasthenia and hysteria, are quite commonly seen in tuberculous 
patients. 

Neuritis—Neuritis may be caused directly by the tuberculosis, as 
when enlarged glands exert pressure un the nerves. Herpes zoster is 
not infrequently seen, but no direct connection can be demonstrated 
between this and the tuberculosis. The pain of the early stages, before 
the skin eruption occurs, is often mistaken for pleurisy. 


THE ENDOCRINE GLANDS 


De Sajous has emphasized the importance of altered function of the 
ductless glands as a predisposing factor favoring tuberculous infection, 
but this theory requires further study before being accepted. It is 
possible, though not yet satisfactorily proved, that these glands may 
play some part in the development of a diseased condition from a 
quiescent tuberculous focus. Simple goiter is often seen in tuberculous 
persons who come from goiter regions, but It cannot be said that the 
conditions have any influence one on the other unless the enlarged 
thyroid, pressing on the trachea, increases the cough. Exophthalmie 
goiter may coexist with pulmonary tuberculosis, and in such cases it 
is very difficult to decide which pathological condition is causing the 
symptoms. 


ConpITIONS PecuuiaR TO WoMEN 


Menstruation —Disorders of menstruation are frequently seen in 
women with pulmonary tuberculosis, and this subject is discussed as 
one of the symptoms. Hess has called attention to the fact that with 
the onset of menstruation in girls there is a marked rise in the inci- 
dence of tuberculosis. An increase in symptoms, particularly fever and 
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hemoptysis, is commonly seen about the time of menstruation, and the 
regularity with which this is noted leaves no room for doubt as to a 
causal connection. The menopause is a critical time for women with 
tuberculosis and the disease often takes a more aggravated form at this 
period. 

Pregnancy.—Pregnancy is very frequently the starting point of 
tuberculous disease. This is so often true that pregnancy as an etiologi- 
cal factor cannot be overlooked. If a tuberculous woman becomes preg- 
nant, it is the rule that the symptoms are aggravated and the tuber- 
culous process often subsequently becomes acute and runs a fatal course. 
Dubois has made the remark: ‘‘If a woman threatened with phthisis 
marries she may bear the first accouchement well; a second, with diffi- 
culty; a third, never.’’ It has been noted in a few cases that women 
with chronic tuberculosis seem to keep in good condition as long as they 
are having children and go to pieces rapidly afterward; but these cases 
are few and contradictory to the general rule. Women may become 
pregnant at any stage of the disease and conception occurs even in far 


advanced stages. 
Tue AcuTtTE INFECTIONS 


The acute infections may occur during the course of pulmonary 
tuberculosis and follow a normal development. They seem to be unin- 
fluenced by the tuberculosis and the tuberculosis by them. In a recent 
epidemic of typhoid at the Trudeau Sanatorium the patients who con- 
tracted infection did not seem to be injured by it. The same thing 
was true of an epidemic of diphtheria at the same institution, in 1905. 
On both occasions prophylactic injections were used on all patients, the 
typhoid vaccine on the one occasion and the diphtheria antitoxin on 
the other. No ill effects were found in either case. Some Canadian 
military medical officers consider that antityphoid vaccination—particu- 
larly if the soldier has been on a forced march during the reaction— 
has resulted in the lighting up of a quiescent tuberculous focus. 
Measles and whooping-cough frequently precede the development of 
pulmonary symptoms, but when these infections occur during the 
course of lung disease they do not seem to have any bad effects. In 
vaccination for small-pox the vesicles develop in a normal manner. 
Aggravation of symptoms is sometimes seen in moderately advanced 
eases following vaccination and, as a general rule, this should be 
avoided if possible. 

Acute articular rheumatism is rarely seen in patients with pul- 
monary tuberculosis, but there is no antagonism between the two, as was 
once taught. 


VENEREAL DISEASES 
Gonorrhea.—Gonorrhea does not alter the course of a pulmonary 


tuberculosis, but occasionally a low fever may be explained by the pres- 
ence of a urethritis, and disappears with treatment of this infection. 
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Syphilis —Syphilis is found associated with tuberculosis in a small 
percentage of cases. Petroff has reported only 9 cases with positive 
Wassermann reactions (alcoholic and acetone precipitate antigen) in 376 
eases at Trudeau Sanatorium, and Corper 7.2 per cent. in male patients 
and 5.8 per cent. in female patients examined at the Chicago Municipal 
Sanatorium. No definite influence of the syphilis on the tuberculosis 
has been proved, but if symptoms are due to the luetie infection, im- 
provement in the general condition follows the administration of anti- 
syphilitic agents. 

METABOLIC DISEASES 


Gout.—Gout seems to have, possibly, some antagonism to tuber- 
culosis, and this led Harper to advocate the administration of urea in 
the treatment of pulmonary tuberculosis but without benefit. 

Diabetes Mellitus —The association of this condition with pulmo- 
nary tuberculosis is always serious. All diabetics should be examined 
for pulmonary tuberculosis as soon as the condition is diagnosed and 
during the course of diabetic treatment, tuberculosis should be kept in 
mind. Joslin and Pritchard find many diabetics who show none of the 
usual incipient symptoms of tuberculosis, especially fever, and in whom 
the X-ray or sputum examination reveal the diagnosis. When found 
combined the patient should be put to bed, and the treatment directed 
first against the diabetes. The patient may be put on a fast for several 
days, if necessary, but usually the diet should be gradually reduced 
depending on the amount of sugar in the blood and in the urine. Having 
determined ag quickly as possible the proper diet to rid the urine of 
sugar, if possible, and the blood sugar content at this level, the use of 
insulin will permit one to increase the diet very quickly as a rule. As 
many of these patients have a rather acute tuberculosis with high fever, 
which increases the blood sugar, large amounts of insulin may have to 
be used to obtain a caloric intake which will maintain the weight of the 
patient and keep the blood sugar normal. The high fat diet of New- 
burgh and Marsh would seem to be ideal for this combination of diseases, 
but outside of clinics where the treatment of diabetes is a specialty, the 
Joslin-Allen method is usually safer. Radiation with the mercury quartz 
lamp has been recommended. Montgomery found no more pulmonary 
tuberculosis among diabetics than among the general population. 


New GRowTHSs 


Carcinoma.—Carcinoma was formerly said to be antagonistic to 
tuberculosis, the theory being based on the fact that few persons with 
tuberculosis developed cancer. This is readily explained by the different 
age incidence of the two diseases, and the occurrence of the two condi- 
tions in the same individual is observed not infrequently. The tumor 
will grow normally and there is no proof that its development is in- 
fluenced by the presence of tuberculosis. On the other hand, Maud 
Slye has recently pointed out that white mice bred from cancerous stock 
inherit a tendency to tissue proliferation following trauma or irritation. 
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In these strains infections are uncommon and if they do occur are re- 
sisted well, while non-cancerous strains are very liable to infections. 
It is possible that this inherited tendency to tissue proliferation might 
be a defense against the development of tuberculosis. This suggestion 
requires further study and investigation before being definitely settled. 


OLINICAL VARIETIES AND TYPES 


Numerous classifications of the types.of chronic pulmonary tuber- 
culosis have been suggested. These have been based on the symptomatol- 
ogy, on the pathology, on the mode of onset, on the prognosis, on X-ray 
findings, and on all possible combinations of these. With a disease as 
polymorphous as pulmonary tuberculosis, any classification is bound to 
be imperfect, and the fact that one type of disease may, during its course, 
change into another form, adds to the confusion. In spite of the in- 
definiteness of any classification it is necessary to have some standard 
for description and reference. On the continent the classification of 
Turban, which is based on the amount of lung involved, is most widely 
used. The most recent and complete classification in this country is that 
adopted by the American Sanatorium Association in 1922, which is based 
on signs and roentgenological findings, and is as follows: 


SCHEMA FOR THE CLASSIFICATION OF PATIENTS ON EXAMINATION 


I, Minimal: (Ineipient.) Slight lesion limited to a small part of 
one or both lungs. No serious tuberculous complications, 

IT, Moderately Advanced. A lesion of one or both lungs, more 
widely distributed than under Minimal, the extent of which may varv 
according to the severity of the disease, from the equivalent of one-third 
the volume of one lung to the equivalent of the volume of an entire lung, 
with little or no evidence of cavity formation. No serious tuberculous 
complications. 

III. Far Advanced. A lesion more extensive than under Mod- 
erately Advanced. Or definite evidence of marked cavity formation. 
Or serious tuberculous complications. 

The cases are further subdivided according to symptoms, as follows: 

A. (Slight or none) : Shght or no constitutional symptoms, including 
particularly gastric or intestinal disturbance or rapid loss of weight; 
slight or no elevation of temperature or acceleration of pulse at any time 
during the twenty-four hours. Expectoration, usually small in amount, 
or absent. Tubercle bacilli may be present or absent. 

B: (Moderate): No marked impairment of function, either local or 


constitutional. 
C: (Severe): Marked impairment of function local or constitutional. 
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SCHEMA FOR CLASSIFICATION AFTER TREATMENT 


Apparently Cured; All constitutional symptoms and expectoration 
with bacilli absent for a period of two years under ordinary conditions 
of life. 

Arrested: All constitutional symptoms and expectoration with bacilli 
absent for a period of six months; the physical signs to be those of a 
healed lesion; roentgen findings to be compatible with the physical signs. 

Apparently Arrested: All constitutional symptoms and expectoration 
with bacilli absent for a period of three months; the physical signs to 
be those of a healed lesion; roentgen findings to be compatible with 
physical signs. 

Quiescent: Absence of all constitutional symptoms; expectoration and 
bacilli may or may not be present; physical signs and roentgen findings 
to be those of a stationary or retrogressive lesion; the foregoing condi- 
tions to have lasted two months. 

Improved: Constitutional symptoms lessened or entirely absent ; cough 
and expectoration with bacilli usually present ; physical signs and roent- 
gen findings to be those of a stationary or retrogressive lesion. 

Unimproved: Essential symptoms unabated or increased; physical 
signs and roentgen findings to be those of an active or progressive lesion. 

Dicd. 


DEFINITION OF TERMS Usep IN THIS CLASSIFICATION 


Under Minimal: 1.—Shight Lesion. 

(a) Physical Signs: Possibly slight depression above or below the 
clavicle, lessened movement of the chest, narrowing of the isthmus of 
apical resonance or restricted diaphragmatic excursion; slight or no im- 
pairment of resonance; slight or no change in quality or intensity of 
breath sounds, with or without some change in the rhythm (that is, 
prolonged expiration) ; voca] resonance possibly slightly increased; rales 
present, absent or transitory. If sputum contains tubercle bacilli, any 
of these. 

(b) Roentgen Findings: Roentgenograms to show lessened transmis- 
sion of light in the form of poorly defined, light mottling or diffuse hazi- 
ness interpreted as infiltration or conglomeration of tubercle, or more 
intense shadows of a well defined, stellate or fibrillar character inter- 
preted as fibrosis, with or without opacities interpreted as calcification. 

2.—A Small Part of One or Both Lungs: Total volume of involve- 
ment, regardless of distribution, shal] not exceed the equivalent of the 
volume of lung tissue which lies above the second chondrosternal junction 
and the spine of the fourth or body of the fifth thoracic vertebra on one 
side, 

Under Moderately Advanced and Far Advanced: 3.—Lesion Allow- 
able under Moderately Advanced: One or both lungs may be involved 
but the total involvement shall not exceed the following limits: 

(a) Slight disseminated infiltration or fibrosis which may extend 
through not more than the equivalent of the volume of one lung. 
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(b) Severe infiltration with or without fibrosis which may extend 
through not more than the equivalent of one-third the volume of one lung. 

(c) Any gradation within the above limits. 

(d) Total diameter of cavities, if present, should not exceed 2 ecm. 

4.—Physical signs of moderately advanced lesions are more variable 
than those of minimal lesions and do not usually determine the exact 
extent of the involvement. 

5.—Roentgen Findings in Moderately Advanced Lesions: Roentgeno- 
rrams to show shadows similar in character to those described under 
Minimal (paragraph 1, b) but more extensive and more intense, with or 
without areas of rarefaction interpreted as cavity formation. 

6.—Definite Evidence of Cavity Formation: Tubercle bacilli usually 
present; elastic fibres may be present in sputum. Physical signs may 
not be definite but a combination of any four of the following signs is 
to be taken as indicative of cavity formation: (a) bubbling or consonat- 
ing rales; (6) eracked-pot note; (c) amphoric breathing; (d) intense 
whispering pectoriloquy; (e) post-tussive suction. Roentgenograms to 
show single or multiple areas of rarefraction surrounded by dense borders. 

7.—Serious Complications: These should be limited to tuberculous 
complications affecting any organ or tissue to such an extent as to im- 
pair unfavorably the prognosis of the case. 

Under Symptoms: 8.—Slight Constitutional Symptoms: Slight im- 
pairment of digestion; slight loss of appetite, of strength, of weight ; lassi- 
tude; nervousness; possibly slight acceleration of pulse or possibly slight 
elevation of temperature. (See definitions Nos. 9 and 10.) The im- 
pairment of health may be hardly apparent, objectively or subjectively. 

9.—Slight Elevation of Temperature: Maximum temperature after 
rest for one-half hour seldom over 99.5° F. (37.5° C.) by mouth or 100.5° 
F. (38.05° C.) by rectum. 

10.—Slight Acceleration of Pulse: Maximum pulse rate seldom over 
90 per minute for men and 96 per minute for women, after resting for 
one-half hour, sitting or lying, except when due to causes other than 
tuberculosis. 

11.—Absence of Tubercle Bacilli: Each monthly examination, if the 
sputum has previously been negative, to consist of careful microscopic 
inspection with a mechanical stage of two smears, devoting at least three 
minutes to each smear made from selected particles (at least six from 
different parts) of the sputum on each of three successive days. The 
morning sputum should always be obtained or, better, the minute bits 
that some patients raise at infrequent intervals. In case the findings are 
regative the total amount of sputum collected on three successive days 
should be concentrated and examined microscopically. Animal inocu- 
lation or cultural implantation is desirable when indicated. 

12.—Marked Impairment of Function, either Local or Constitutional : 
Local: Marked dyspnea on exertion, limiting seriously the patient’s 
activity. 

Constitutional: Marked weakness, anorexia, tachycardia. 
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Under Apparently Cured, Arrested and Apparently Arrested: 13.— 
Constitutional Symptoms: These include elevation of temperature, loss of 
weight, loss of strength, night sweats, chills, tachycardia, cyanosis, loss 
of appetite, amenorrhea, etc. 

14.—Ordinary Conditions of Life: This term as used implies that the 
patient is able to live in an environment where he is able to support 
himself without the assistance of others, or to live in his former surround- 
ings and pursue his former occupation. 

15.—Physical Signs of a Healed Lesion: These may embrace every 
physical sign of infiltration or consolidation with the exception of rales, 
which must be permanently absent, except possibly a few fine rales at 
the base, probably atalectatic in origin, and at one apex or over a small 
part of one lung. (See definition No. 2.) Fine rales in the latter two 
places are to be heard only during cough, at the end of a prolonged 
expiration, or during the inspiration which follows cough. There are 
no certain criteria of a healed Jesion and this definition has its exceptions. 

16.—Apex: That portion of the lung situated above the clavicle and 
the third thoracic spine. 

17.—Roentgen Findings Compatible with Physical Siens of a Healed 
Lesion: Roentgenograms to show clearing, fibrosis, calcification or a 
stationary condition. 

Under Improved: 18.—Constitutional Symptoms Lessened or En- 
tirely Absent: Improvement in general condition as shown either by gain 
in both weight and strength or by reduction of previous febrile tempera- 
ture to normal without loss of strength. 

Under Unimproved: 19.—Essential Symptoms: These inelude among 
others, loss of weight, strength and appetite, night sweats, hemoptysis, 
pleurisy, dyspnea, fever, tachycardia, cough and expectoration. 

It will be noticed that the terms ‘‘cured’’ and ‘‘apparently eured’’ 
are not employed as they were formerly. This is because no patient can 
be strictly said to be cured from a pathological standpoint, and the use 
of this word has led many persons into a sense of false security, as they 
have believed when told they were cured that there was no necessity for 
further care. The statement, only too often made to a patient on dis- 
continuing treatment, ‘‘If I did not know your history I would pass you 
as a first-class risk for life insurance,’’ has been productive of many 
disasters later. On the other hand, it is claimed that to tell a patient 
that there is no such thing as cure takes away the stimulus for endeavor 
and persistence and discourages him from the outset. This is largely 
an imaginary objection, and a little tact in explaining what can be ex- 
pected from treatment will make a person of ordinary intelligence quite 
satisfied and will enable him to obtain a truer appreciation of his dis- 
ease. Although pathological cure is an impossibility, in the sense of 
freeing the body from bacilli, it is quite possible to obtain practical and 
clinical cures, meaning that a patient can again take up his work and 
continue to live for years, a life of usefulness and happiness if he is 
willing to observe certain precautions which will be discussed further 
on. Many patients have lived to a ripe old age and have done strenuous 
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work, and their lives should teach us that a diagnosis of tuberculosis is 
not synonymous with signing the patient’s death certificate as was the 
common belief not so many years ago. For practical purposes an ar- 
rested disease, which produces no symptoms, is almost as satisfactory as 
one in which the physical signs as well as the symptoms have disappeared. 
The knowledge that a patient still has signs in his lungs, although he is 
practically efficient from a working standpoint, often keeps both patient 
and physician from being overconfident, so that by observing the restric- 
tions necessary life and usefulness are prolonged for years. 

Objections have been raised to this classification on several grounds: 
that it allows of too great latitude, depending upon the diagnostic skill 
and interpretation on the part of the examining physician; that cases 
pass from one stage to another during observation; that the same amount 
of disease in one person produces quite different symptoms from those 
produced in another person; that a lesion may be small in extent, but 
of long duration; that an extensive lesion may produce few or no symp- 
toms; that many cases are never minimal, but are moderately advanced 
from the first, and so on. The fact remains that it is of great practical 
use and serves to standardize examinations and records and consequently, 
even if not perfect, it should be retained until some better classification 
ean be offered. Rathbun, of Otisville Sanatorium, has suggested a modi- 
fication of this classification, retaining the terms ‘‘minimal,’’ ‘‘moderately 
advaneed”’ and ‘‘far advanced’’ to indicate the extent of the lesion, but 
udding the letters A, B or C after these words to indicate the severity 
of the symptoms. Thus, minimal A would mean a patient with disease 
incipient in extent and few or no symptoms; minimal B, a patient with 
the same extent of disease, but with symptoms of a moderately advanced 
case, and so on. This classification, while possessing many advantages, 
has not yet been officially adopted. The description of the terms used 
in dealing with the results of treatment has been described under the 
heading of Sequele. 

In addition to the stages included in this classification the French 
School have recognized a ‘‘pretuberculous’’ stage. In this, infection 
probably exists in some gland—usually of the tracheobronchial group— 
from which it may spread to the lungs later. General symptoms of 
lassitude, malaise, anemia and possibly slight evening fever exist, but 
nothing is found in the lungs to account for them. The diagnosis is 
largely speculative, but usually two or three months of outdoor life with 
good food and supervised exercise and rest will bring the patient back 
to normal health and will frequently prevent a potential spread of the 
infection. 

Besides this division into stages there are several well-recognized 
forms of pulmonary tuberculosis, which deserve description. While 
many types have been described and elaborate classifications proposed, 
it is well to use a general classification and to make this as simple as 
possible, for every case is different from every other and no classification, 
however minute in detail and description, can hope to index each indi- 
vidual case in some one division. For convenience, three main headings 
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will be used: Chronic Pulmonary Tuberculosis, Acute Pulmonary Tuber- 
culosis and Miliary Tuberculosis. Even with this broad and elastic 
crouping, difficulty will be experienced in classifying our cases, for many 
chronic cases have acute exacerbations, and cases which are at one time 
acute may become chronic, and we will often find in the same patient at 
the same time one lung with chronic fibroid disease and the other with 
an acute condition. 

Chronic Pulmonary Tuberculosis.—This includes the great major- 
ity of cases of pulmonary tuberculosis met with in practice, and in this 
form we recognize the three stages already described. Beginning in 
any one of a number of ways this type may pass, during its development, 
from small infiltrative lesions, through more extensive changes, to the 
final stage of generalized disease, with breaking down of lung tissue and 
cavity formation. The pathological processes of proliferation, exuda- 
tion, caseation and fibrosis are found in varying degrees in nearly all 
the tubercles and conglomerations of tubercles which go to make up clini- 
cal disease, and the symptoms and physical signs in any case depend on 
which of these processes is the more marked. 

At times, the disease being progressive and acute, the temperature 
will be raised ; while at others, being quiescent, it will be normal. These 
phases of activity and quiescence may occur with remarkable regularity. 
Few cases ru a course of uninterrupted improvement and few decline 
without periods of quiescence. A favorable course is indicated by a 
progressive lessening of symptoms, although the signs in the lungs may 
change little. On the other hand, an unfavorable course is shown by a 
continuance or aggravation of symptoms which gradually wear the pa- 
tient out, and death results. The length of life after the onset of recog- 
nizable symptoms and signs is extremely variable, depending upon the 
resistance of the patient and the care and attention which he has been 
given, so that not even an approximate rule can be formulated. In the 
most favorable cases relapses often occur even after the patient has been 
in good health and at work for years. During these relapses the same 


' symptoms and signs as were present during the initial disease may 


appear. The course of a relapsed case is very similar to that during the 
first illness. 

Fisroi Putuisis.—One form of chronic pulmonary tuberculosis de- 
serves special mention, fibroid phthisis. In this the fibrous processes are 
pathologically the main characteristic. This type is insidious in onset, 
and the symptoms are less intense than in the ordinary ulcerative type. 
The patients live for years—from ten to twenty or more—never free 
from symptoms and never perfectly well, but most of the time able to 
be up and around, and with care they are fairly comfortable. In these 
patients the changes in the Jungs are striking. The chest is sunken; the 
heart displaced by contraction on one side or the other; marked dullness 
on percussion, and breath changes on auscultation are found. Cough is 
usually frequent and expectoration thick and fairly profuse. Hemop- 
tyses often occur over a period of many years and it is in these cases 
that the rapidly fatal hemorrhages are most often seen. Dyspnea is 
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usually marked, both from the reduction of breathing space and from 
dilatation of the right side of the heart. The prolonged absorption from 
such a chronic disease produces changes in the other organs of the body 
and death usually takes place from some intercurrent infection or from 
cardiac failure. 

Acute Pulmonary Tuberculosis.—The popular term ‘‘ galloping con- 
sumption’’ well describes the characteristics of this type of disease, for 
it usually runs a rapidly fatal course with acute and severe symptoms. 
Two subdivisions must be described: the pneumonic and the broncho- 
pneumonic. 

PNEUMONIC F'orm.—The pneumonie form is ushered in acutely with 
a chill, high fever, rapid pulse and dyspnea. For the first week it is 
usually difficult to distinguish it from lobar pneumonia and suspicion 
as to its true nature is usually aroused when, at the time of the expected 
erisis, the temperature fails to fall to normal but remains high and the 
symptoms, instead of abating, continue or increase. Dyspnea is usually 
a prominent symptom. During the second or third week the tempera- 
ture becomes irregular and profuse sweating 1s common. The signs 
found on examination are those of ordinary pneumonia and may be con- 
fined to one lobe—upper or lower—or may show involvement of an entire 
lung. Softening of the lung occurs early and large cavities are formed, 
often involving a whole lobe. Death may occur before softening takes 
place, but usually these patients last for three or four months, being 
acutely ill all the time. The diagnosis is difficult in the early days of 
the disease, but often the history of the patient may give rise to a 
suspicion of its true nature. Later on signs of cavity, tubercle bacilli 
or elastic tissue in the sputum make the diagnosis clear. In fact, in 
every case of deferred crisis or delayed resolution in pneumonia, tuber- 
culosis should be considered. 

BRONCHOPNEUMONIC F'orM.—Acute bronchopneumonic tuberculosis 
should perhaps be considered as a phase of chronic pulmonary tuber- 
culosis, as it so often develops during the course of the chronic disease; 
or beginning acutely, it may become quiescent and pass into the chronic 
form. Pathologically, tuberculous bronchopneumonia in its early stages 
resembles ordinary bronchopneumonia. Areas of pneumonic lung tissue 
are found in different parts of the lung, separated by intervening areas 
of crepitant tissue. These pneumonic patches soon break down and be- 
come caseous. Etiologically, this form usually represents an aspira- 
tion from an existing tuberculous focus in the lungs or glands, or it 
may be the result of a spread by the blood stream. Following hemor- 
rhage, it is not uncommon to find a bronchopneumonic condition re- 
sulting from aspiration of some of the blood which is not coughed up. 
If these bronchopneumonic patches are caused by the tubercle bacillus, 
as they frequently are, and not by any secondary infection, they repre- 
sent the exudative process of tuberculous development in its purest form. 
The onset is usually acute and high fever of an intermittent type is 
present from the first. There is at first a non-productive cough which 
is soon accompanied by profuse expectoration containing bacilli and 
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sometimes elastic tissue. Tachycardia and dyspnea are present and fre- 
quently there is a dull pain over the involved areas. The signs are at 
first nil, but later there are dullness, patchy bronchial breathing, and 
numerous moderately coarse rales. Sweats, chills and progressive emaci- 
ation rapidly become prominent symptoms, and the lungs break down, 
and signs of cavity appear. The fatal termination does not occur as 
rapidly as in the pneumonic form, but death usually results. In a few 
cases the disease will become quiescent either before or after a cavity 
has developed, and then the course is that of the ordinary chronic form. 

Miliary Tuberculosis.—Miliary tuberculosis occurs in so many 
forms and is oftentimes so vague in its symptomatology that the diagnosis 
is extremely difficult and is often made only at autopsy. Cases of 
acute miliary tuberculosis occur much more commonly in hospital and 
private practice than in health resorts and sanatoria, owing to the ad- 
vanced stage of the disease when diagnosis is possible, and also to the fact 
that by the time a diagnosis is established, it is usually too late to move 
the patient. For this reason it is rare to find cases in health resorts, 
but if they do occur in patients already in these localities, the pre- 
sumptive diagnosis is much easier, as the patient is already known to 
have tuberculosis—a fact which gives a clew to the cause of the acute 
symptoms. In this connection it must be remembered that acute miliary 
tuberculosis always develops from a preéxisting tuberculous focus in 
the body and is not due to an infection taking place immediately before 
the development of symptoms. 

Miliary tuberculosis is a blood infection, coming usually from a 
caseous gland in the abdomen or thorax, at times from a focus in some 
organ, as lungs, intestine, bone or kidneys, which ruptures into the blood 
stream directly or whose contents enter the blood indirectly through 
the thoracic duct. The primary location of the miliary tubercles depends 
largely upon which side of the heart the bacilli first enter. Three forms 
are generally described : the typhoid; the pulmonary; and the meningeal. 

TypHow Form.—The typhoid form is so called from its marked 
resemblance to typhoid fever. In its early stages the disease is so sim1- 
lar in onset and symptoms to typhoid that a diagnosis between the 
two is extremely difficult. In tuberculosis, there is apt to be more 
irregularity in the temperature curve, more cyanosis, a more rapid heart 
action and sometimes a slight degree of leukocytosis. The Widal reac- 
tion and the presence of typhoid bacilli in the blood and stools make 
the diagnosis of typhoid certain, but unfortunately these tests are too 
often neglected and general symptoms are relied on entirely. 

Putmonary Form.—When the tubercles are found chiefly in the 
lungs the diagnosis is more readily made. There occur a high, irregular 
temperature, cough, dyspnea and prostration. At first the signs in the 
lungs are few and may be entirely absent. This is not to be wondered 
at, as experimentally it takes from two to three weeks for tubercles to 
develop after inoculation into the blood stream of animals. Later on, 
signs of a diffuse bronchitis develop with hyper-resonance or little or no 
change in percussion and breathing. Cyanosis is usually marked, the 
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lips and fingers being noticeably blue. The X-ray plate will show a 
diffuse mottling of the lungs extending to the periphery, which is very 
characteristic and which may be present even when all physical signs 
are wanting. In all suspected cases an examination of the fundus of 
the eyes should be made. as choroidal tubercles are sometimes present, and 
these may serve to establish the diagnosis. 

MENINGEAL ForM.—This has been described under the heading of 
Meningitis, as a complication, but it sometimes happens that meningitis 
develops from an unsuspected lung focus and the meningeal symptoms 
form the chief clinical picture. The onset is usually accompanied by 
prodromal symptoms, but may be acute and resemble a sudden cerebral 
disaster like apoplexy. 

Pulmonary Tuberculosis in Children and the Aged.—Before ending 
the description of the forms in which pulmonary tuberculosis may mani- 
fest itself. it is necessary to describe, shortly, the characteristics of 
pulmonary tuberculosis at the extremes of life, namely, in children 
before puberty and in the aged. 

PULMONARY TUBERCULOSIS IN CHILDREN.—It has long been taught 
that a child presenting symptoms and signs of pulmonary tuberculosis 
is doomed, but in many instances this Is quite false and we are begin- 
ning to learn that many children with definite tuberculous lesions in 
the lungs recover rapidly and permanently; and also that there is a 
chronic form of pulmonary disease in children which runs a parallel 
course to that in adults. It is rare for children to expectorate, the 
sputum being usually swallowed. Examination of the stools for tubercle 
bacilli will often help in the diagnosis. Another method of obtaining 
sputum for examination is to wind a pledget of cotton around the end 
of an artery forceps and with this to tickle the throat until the child 
gags. Smears from the cotton may then be examined. The tuberculin 
skin test should be performed. A positive reaction indicates tuberculous 
infection, past or present. As a rule, the disease in children tends to 
assume an acute character from the onset. but often the acute symptoms 
terminate rapidly and satisfactorily if the diagnosis is established and 
a proper régime instituted before it is too late to do anything. Ghon 
has stated that there is always a primary lung focus from which the in- 
fection spreads to the tracheobronchial glands. This view is open to 
criticism in many respects and other workers maintain that the glandular 
infection precedes infection in the lungs. The work of Harbitz in par- 
ticular, who asserts that there is a descending infection from the cervical 
glands to those in the thorax, is the most important in opposition to 
Ghon’s views. Whichever view we hold, it is a fact that clinical disease 
in the lungs of children usually occurs first around the hilus, and 
the early signs appear in the region of the second to the fifth intercostal 
spaces near the sternum or in the interscapular region posteriorly. Dis- 
ease of the lower lobes is also more common in children than in adults. 
In children tuberculosis of the tracheobronchial glands with slight in- 
filtration of the lungs in the region of the hilus is very common, but the 
diagnosis is frequently difficult. The signs on examination are indefinite 
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In many cases und the diagnosis, even with the aid of the X-rays, is fre- 
quently presumptive rather than positive. The chief symptoms are 
slight elevation of temperature, lassitude and disinclination to play, loss 
of appetite, failure to gain in weight normally, anemia and cough. This 
last is often paroxysmal and resembles whooping-cough except that the 
characteristic whoop is not present. The signs which are of help in 
diagnosis are impairment of resonance around the hilus, in front or 
posteriorly, and bronchial breathing, which may be heard at one side or 
the other, according as the right or left group of glands is enlarged. 
This change in breathing may also be heard in the subclavicular region 
of the affected side. Whispering pectoriloquy is usually heard. 
D’Espine’s sign may be present. Enlargement of the superficial veins 
over the upper thorax or in the neck is found at times. The tuberculin 
tests are important in younger children. Philippi states that a relative 
increase in the lymphocytes is a common feature. Occasionally in adults 
we can suspect an enlargement of the tracheobronchial glands where there 
are symptoms of pulmonary tuberculosis, but an absence of signs. 

A committee, appointed by the National Tuberculosis Association in 
1921, to study the clinical and roentgenological findings in normal chil- 
dren from six to ten years of age, gave an interesting report. Vocal 
fremitus is more marked over the right upper chest, as in adults and the 
percussion note, which is usually fuller, more tympanitic, of high pitch 
or more resilient over the child’s than over the adult’s lung, may be 
identical in each, and the ordinary puerile breathing may be replaced by 
the adult vesicular murmur. In half of these children the X-ray pic- 
ture was that of the adult type. The committee found D’Espine’s sign 
of doubtful value; Eustace-Smith’s is so generally present in normal chil- 
dren that it is of little or no practical worth. The roentgenologists agree 
that the hilum shadow, when it lies within the inner third of three verti- 
cal lung zones, can be regarded as normal; that calcified nodes are com- 
mon at the roots of the lungs, and that many linear markings in the 
middle zone are due to previous infection such as measles and whooping 
cough. 

PULMONARY TUBERCULOSIS IN THE AGED.—Usually the symptoms date 
back for years and the disease is of the fibroid form. Many of these 
old patients give a history of symptoms of chronic disease with repeated 
exacerbations, These acute flare-ups are recovered from many times 
and in the intervals the patients can work, but have cough and ex- 
pectoration. Eventually in one of the recrudescences the patient suc- 
cumbs, with all the symptoms of acute pulmonary tuberculosis. A num- 
ber of persons over sixty years of age do have acute tuberculosis with a 
recent onset and no history of previous pulmonary disease even after 
careful cross-questioning. 

When acute symptoms develop in the aged, the course of the disease 
Is usually rapid and the patients seem to have little or no resisting 
power. The presence of acute pulmonary tuberculosis in old people is 
often missed, as there is an idea in the minds of the laity, and of 
the medical profession as well, that this does not occur. An article by 
Ernst Braun has recently called attention to a number of cases of miliary 
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tuberculosis occurring in persons over sixty years of age, which were 
proved at autopsy. 


TREATMENT 
PROPHYLAXIS 


(a) General Prophylaxis—The whole subject of the methods of 
infection in tuberculosis, its spread and its development from infection 
to disease, once the bacilli have gained entrance into the body, is so 
complex and influenced by so many factors—many of which are as yet 
in a state of confusion and debate—that rules for the prevention of 
tuberculosis are difficult to formulate. The importance of many of the 
precautionary measures which have been advocated is influenced by the 
opinion of individual writers, as to the practical possibility of the oc- 
currence of one or the other method of infection. 

Although the mortality from pulmonary and other forms of tuber- 
culosis has shown a steady decline for many years, we have no figures 
to prove that any of the precautionary measures, which have up to 
the present been emphasized, have had a noticeable effect in reducing 
tuberculous infection ; and the figures of positive reactions to the various 
tuberculin tests still show that the great majority of persons of adult age 
harbor tubercle bacilli somewhere in their bodies. This is not any rea- 
son for lessening our efforts to prevent infection and, realizing that 
tuberculosis is caused primarily by the tubercle bacillus, all methods 
advocated for its destruction or for preventing its dissemination outside 
the body, are not only logical but of the utmost importance to human- 
ity. With the further knowledge that tuberculosis is the result of a 
broken-down defense on the part of the person harboring the bacillus, 
all general rules which have for their object improving the social and 
living conditions of the masses are also important in the crusade against 
tuberculosis. Thus, in the prophylaxis of tuberculosis, public sanitation, 
improvement of working conditions, daylight saving, better housing 
facilities, shorter hours, living wages and temperance in the use of al- 
cohol, all help indirectly but equally with the destruction of the bacilli. 

It must be emphasized that the fight is against tuberculosis and not 
against the person with tuberculosis. Phthisiophobia, or dread of tuber- 
culosis, has led to the formulation of regulations which have worked 
great hardship against the sufferer from tuberculosis, and the extreme 
views expressed by some over-enthusiastic anti-tuberculosis workers, 
without scientific backing for their ideas, have not only been an in- 
Justice to many patients, but have been instrumental in injuring the 
cause that they were intended to help. Tuberculosis, although infec- 
tious, is not like the acute exanthemata, and the public health regula- 
tions to prevent the spread of acute infections cannot be made to apply 
strictly to tuberculosis. We will, therefore, discuss briefly the important 
points in the destruction of the bacilli outside the body and then the more 
general ones which have a bearing on the disease. 
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EXPECTORATION.—Sputum containing bacilli is the chief means of 
disseminating the germs. Patients with tuberculosis must not only be 
warned not to expectorate at large but, in addition, must be instructed 
where to spit. Expectorating out-of-doors is not as dangerous as when 
done in houses, as the sun and air rapidly dry the expectoration and with 
it the bacilli. In this dried condition the bacilli quickly lose their 
virulence and die. Promiscuous spitting is, however, a dirty and un- 
hygienic habit, and there is always the possibility that expectoration 
from the street or sidewalk will be carried indoors on the shoes or skirts. 
In dark corners of rooms, the sputum will remain moist for a much longer 
time and the bacilli, if kept moist, will retain their virulence and infec- 
tive capacity for weeks or months. In places where people congregate 
proper spittoons should be provided for the reception of necessary ex- 
pectoration. Persons known to have pulmonary tuberculosis should 
carry sputum cups with them. Of these, numerous varieties have been 
made which fulfill their mission with more or less satisfaction. The 
main essentials of these are security of the contents and ease of cleaning 
or destruction. The sanitary pocket cuspidor, devised by Appel, is 
eminently satisfactory unless there is considerable expectoration, when 
a tin box with fillers should be used. The best way of destroying sputum 
is by burning. If the expectoration is copious and fluid, it is wise to 
add to it some combustible substance—as sawdust—before it is thrown 
into the fire. The various chemical disinfectants are less satisfactory 
for destroying sputum, on account of the fact that most of them coagu- 
late the masses of sputum, and so @9 not reach the bacilli in the interior. 
Corrosive sublimate and formalin have this characteristic in a marked 
degree; carbolic acid to a lesser degree. Lysol and the alkaline disin- 
fectantg—such as liquor cresolis—dissolve the spuéum masses and are 
consequently the best to use if disinfectants must be relied upon. The 
contents of sputum boxes should not be poured down drain pipes until 
such contents have been thoroughly disinfected. The use of handker- 
chiefs for receiving the expectoration is not satisfactory, as the sputum 
soaks through the cloth, soiling the hands and the pockets. If cloths 
are to be used small pieces of cheesecloth folded several times. used only 
once, and then deposited in paper bags or some impervious receptacle 
are permissible. Small paper napkins are largely used and, if burned 
after use, are safe. Whenever a patient coughs or sneezes, he should 
cover the mouth and nose with a cheesecloth or other cheap handker- 
chief to prevent spraying the surrounding atmosphere with infected 
droplets. A few simple rules which common decency demands of any 
person, whether sick or well, suffice to obviate all possible dangers from 
coughing and expectorating. 

Feces, URINE AND Pus.—Feces, urine and pus from tuberculous pa- 
tients constitute possible sources of infection, although they are of 
minor importance. Laundry—soiled clothes, bedding and handkerchiefs 
—from tuberculous persons should be sterilized by boiling, live steam 
or formaldehyd before being washed or sorted. Although the ordinary 
laundry procedure is probably sufficient to sterilize the articles, it is 
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not fair to those who have to handle them while being washed to neglect 
this precaution. 

DISINFECTION OF Rooms.—The subject of disinfection and its utility 
is still being discussed, and health authorities differ as to its necessity 
and advisability. Trembley has shown that nascent formaldehyd gas, 
properly employed in a sealed room, kills tubercle bacilli. Whether ab- 
solutely necessary or not, the fact that disinfection of all rooms which 
have been occupied by tuberculous patients is demanded, serves the 
practical purpose of directing attention to the facts of the possibilities 
of infection. As far as our present knowledge goes, such disinfection 
should be enforced. It is also necessary that these rooms be well aired 
—a procedure rendered necessary by the previous use of formaldehyd— 
and thoroughly cleansed with soap and water before being occupied by 
another person. Sleeping cars which are used by tuberculous patients 
should also be disinfected. As a matter of fact proper cleaning is far 
more important than disinfection. 

SWEEPING AND Dustina.—The modern use of the vacuum cleaner has 
largely done away with ‘‘dry cleaning.’’ If this device is not used the 
floors or brooms should be moistened, as should also all cloths used for 
dusting, to prevent raising the dust and scattering it. 

Rooms in which patients live should be bright, with a maximum of 
sunlight, and airy. The simpler the furnishings consistent with comfort, 
the more hygienic will they be. Simple rugs and draperies are per- 
missable. Rooms with a southern exposure have a maximum of sunlight 
in northern latitudes and are. in general, best for patients. 

RuLEs FoR PATIENTS AND ATTENDANTS.—AI] patients and all persons 
waiting on them should be instructed carefully as to the dangers of 
infection, the sources and the means at our disposal of avoiding all 
possible spread of baeilli. There is great need on such occasions for 
the physician to have a rational understanding of the principles of in- 
fection, for if he himself does not understand the underlying facts as 
proved by scientific research, he will be unable to instruct the patient 
in such a way as to secure cooperation. The majority of patients will 
cheerfully adopt suggestions when the reasons are tactfully explained, 
and it is only occasionally that a patient is found who refuses to take 
precautionary measures. Such recalcitrants should be rigidly isolated 
and the welfare of the populace at large should be considered rather 
than the selfish interest of the patient. 

SewaGeE Disposau.—Although this is a subject for sanitary engineers, 
in general it may be said that the sewage—particularly from sanatoria 
and health resorts—should be so handled that bacilli are killed or filtered 
out before the sewage is allowed to enter a navigable stream or water 
course. 

BuriaAL.—Recommendations have been made that all bodies of per- 
sons dying from tuberculosis be cremated, but the necessity of this is 
theoretical. No instances have been reported of infection occurring 
after ordinary burial. 

Reportina or Cases.—Notification of cases is now compulsory in 
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the majority of countries with well-organized departments of health. 
The rules which designate which cases are reportable vary somewhat, the 
most drastic being that all cases of tuberculosis shall be reported, while 
others insist that this be done only with open cases. As it is impossible 
to say definitely which cases are open and which are closed—as a patient 
may have bacilli in the sputum one day and not the next—the most 
logical rule to follow is that all cases diagnosed clinically as tuber- 
culosis should be reported. This notification of cases should not result in 
worrying the patients nor in making their lives a burden, but should aid 
in giving intelligent information as to the prevalence of tuberculosis and 
enable the health authorities not only to protect the public, but also to 
aid the patients themselves by education and other means. When the 
patients are of the poorer classes, particularly foreigners, who do not 
understand the necessity of precautions, who are not in a position to 
carry out such precautions even if they know what they are, registration 
enables the authorities to have the homes of such patients visited by in- 
spectors or district nurses who can instruct and help, or in case of neces- 
sity can recommend that the patient be removed from home surround- 
ings to some institution where he will be better cared for and where he 
will cease to be a menace to his family and associates. In cases where the 
physician reporting the patient can give assurance that he will see that 
the rules of the board of health are carried out, such visiting and in- 
spection is not necessary. The argument that notification is an inter- 
ference with personal liberty is not valid, for no person has a right to 
use his own liberty in such a way that it constitutes a menace to others. 
Notification is a legal and logical law and should have the support of all 
practicing physicians where it is compulsory, and in districts where it is 
not yet on the statutes efforts should be made to have laws passed requir- 
ing such notification. 

IsOLATION OF PatientTSs.—Isolation of patients has been advoeated 
by some extremists and suggestions made to segregate all persons with 
pulmonary tuberculosis in communities or colonies. This is not only 
unnecessary, but is a practical impossibility. In some cases of advanced 
disease where the patient refuses to obey the health laws or is not 
in a position to do so, the authorities should have the power to use 
their discretion about placing the patient in a hospital or sanatorium. 

Housing REquuaTions.—All effort and legislation which have for 
their object the improvement of living conditions can be considered as a 
prophylactic measure against tuberculosis, The tendency toward migra- 
tion from the country to the cities has led to a congestion of dwellings 
in the cities, and with this congestion there has been in the past, and 
is to a lesser degree at present, a -rowding of persons and families which 
is unhealthful. The enforcement of regulations providing ample air 
space, proper lighting and ventilation—particularly of bedrooms—is of 
the greatest importance. Public parks and playgrounds are also neces- 
sary for all cities. In country districts the need of education of the 
population is as great as in the cities. Many persons think that tuber- 
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culosis does not occur commonly in rural districts, but such is not 
the case. 

While there is not the same overcrowding in the country as in the 
city. and while the possibilities of obtaining fresh air and light in 
abundance are excellent, these advantages are only too often neglected 
and the ventilation in many rural homes—especially in winter—is abso- 
lutely overlooked. The windows are sealed with the advent of cold 
weather and not opened until the following spring. If a case of tuber- 
culosis develops in such a home there is every possibility of infection 
of the whole family taking place, and it is not uncommon to find families 
in which infection can be demonstrated in several generations. In the 
country and in small villages there is a tendency to have too many 
shade trees around the houses. These keep out the light and retain 
moisture in the neighborhood—two factors of importance from the 
standpoint of health. Overheating of dwellings in winter is a common 
practice in this country. The sudden change from a hot, dry atmosphere 
to the cold air outside is a predisposing factor in the occurrence of 
colds and other respiratory infections which in themselves have a cer- 
tain influence in the development of pulmonary tuberculosis. 

ScHoots.—The schoolhouse is the building in which the child spends 
the greater part of the day. Sufficient light and provision for changing 
the air at frequent intervals are essential to the health of the children. 
Light physical exercises with the windows open should form a part 
of each day’s work. Open-air rooms for children who are anemic or 
who are not developing normally have now passed the experimental 
stage and have proved their utility and necessity. It is a fact that 
children in these rooms, even with shorter hours of work and stated 
periods of rest, do not fall behind their healthy companions in their 
school work, but the improved physical health and consequent mental 
improvement are an argument in favor of the more extensive intro- 
duction of these classes. In many of the schools which draw their at- 
tendance from the poorer districts of the large cities, free lunches of 
milk, crackers or hot soup are served to the scholars. It is important 
that persons who have open pulmonary tuberculosis should not be al- 
lowed to teach children. Instances of infection occurring in several 
children who have been taught by a sick teacher are not unknown, and 
while such legislation may be a hardship to the teacher, the danger to the 
children must not be overlooked. Medical inspection of all school 
children, the employment of a school nurse in the larger centers, and 
instruction of the teachers as to signs of illness in the scholars are 
now recognized as benefiting not only the children, but also the health 
of the community and in this way repay the whole cost of such service. 

TRADES.—Factories and shops should have their ventilation and heat- 
ing regulated by statute. Many corporations have found medical in- 
spection of their employees to repay them in better health and there- 
for increased production. Workers in dusty trades and chemicals should 
be protected from dust and fumes by provision for the removal 
of these, by hoods, air shafts, ete., or by masks which cover the nose 
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and mouth of the operators. Persons afflicted with pulmonary tuber- 
culosis should not be allowed to handle foodstuffs which are eaten 
raw, as fruits, vegetables, breads, candies, etc. All such edibles, if ex- 
posed for sale, should be protected from dust and contamination. 

Prisons AND INSANE ASYLUMS—Prisons and insane asylums have in 
the past been responsible for the development of much pulmonary tuber- 
culosis. The crowding, confinement and careless habits of criminals 
and insane have been the chief factors in the large percentage of 
cases occurring in these institutions. A knowledge of the possibilities 
which cause latent infection to flare up into disease has led officials 
to attempt to better the conditions which exist, with the result that 
marked improvement can already be seen; but there is still much to be 
desired and much room for legislation, with a view to lessening the 
tuberculosis mortality in both prison and asylum. Pulmonary tuber- 
culosis is especially common in patients with dementia praecox. 

Prsuic Epucation.—Edueation of the people to the dangers of 
infection, in regard to the possibility of reducing such dangers to a mini- 
mum, and to the recognition of early symptoms of the disease has been 
extensively carried out through the agency of anti-tuberculosis societies. 
This propaganda has been begun in the schools, the scholars being in- 
structed by simple rules and illustrations, in regard to the dangers of 
putting into the mouth articles other than foods, of swapping gum, 
fruits and candies, of the common drinking cup, of coughing and sneez- 
ing without covering the nose and mvuth, and the importance of cleanli- 
ness of face and hands, and habits of breathing fresh. pure air, of stand- 
ing and walking correctly, and of good health in general. If children 
learn these things they will tell their parents. 

For adults similar truths are disseminated by posters in public 
places, by popular lectures, lantern slides and by moving pictures, of 
which several have been filmed for the National Tuberculosis Associa- 
tion. Tuberculosis exhibitions which show in an interesting way what 
tuberculosis is, how it may be combated, the results if left alone, and 
hygienic methods which tend toward good health have been largely used, 
and several traveling exhibits have been sent around the country, thus 
reaching the outlying districts which would not otherwise have an oppor- 
tunity to learn what they have to show. This propaganda has also 
tried to teach the public the early symptoms—the danger signals— 
which demand attention and which should send them to a physician 
for examination. Just how far this teaching has been of value is 
shown by the fact that it not infrequently happens that the patient 
has asked his physician to make a thorough examination or has urged a 
friend who appears to be run down to obtain medical advice. In a 
number of instances an early diagnosis has been arrived at which, with- 
out an appreciation on the part of a layman of the early signs, would 
have been delayed until a much later time. 

Controu oF MitkK anp Darrres.—There is no doubt that milk from 
tuberculous cows is a source of infection in a certain percentage of 
human beings. Although very few cases of bovine infection of the lungs 
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have been proved, infection of children with bovine bacilli must have 
some influence in the epidemiology of adult pulmonary tuberculosis. 
That tubercle bacilli do occur in milk has been proved so frequently as 
to allow no room for doubt. Bacilli are found in milk from cows with 
tuberculosis of the udder, and occasionally in milk from cows which are 
tuberculous but which do not have udder tuberculosis. This fact makes 
it necessary to discard from use all milk which comes from cattle which 
react to tuberculin; and it is now generally accepted that milk should 
be graded in the highest class onlv when the cattle have been tuberculin- 
tested and have failed to react. The technic of this test and the recog- 
nition of symptoms which signify a reaction should be intrusted to a 
skilled veterinary surgeon, as there are several sources of error which 
may invalidate the test if used by an inexperienced person. The dis- 
posal of reacting cows is a problem for the health authorities. but cer- 
tainly they should not be used for dairy purposes. Any milk which 
cannot be proved to be free from tubercle bacilli should not be used raw. 
In this connection not only must the herd be known to be free from 
tuberculosis, but we must be sure that the milk has not been handled 
by a tuberculous person. In communities where the source of the milk 
supply cannot be absolutely controlled, pasteurization should be used. 
This should be done in a closed vessel, as otherwise the top layer may 
not be sterilized. Rapid cooling after the heating and storing in a cool 
place are just as important as proper heating. The addition of disin- 
fectants to the milk is not justifiable as, in amounts which would not 
injure its nutritive qualities or damage the stomach and intestinal tract, 
there is a strong probability that they would not kill the bacilli. All 
milk for children, in addition to the above-mentioned precautions, should 
be bottled and not handled in bulk. The dairies from which the milk is 
obtained should be inspected periodically as to cleanliness and airiness. 
The cow barns should be light. well ventilated and capable of being 
kept clean. The utensils used, the persons employed in milking and in 
handling the milk, and the general methods of the dairy should also be 
subject to inspection. As milk forms such an important part of the 
food of children nothing should be neglected which will lead to obtaining 
a pure supply. 

Meat.—Inspection of animals to be used for meat should be insisted 
upon, and for this reason public slaughter houses are better than smaller 
places. Although there is less danger of infection from meat than from 
milk—as the former is always cooked before use, while the latter is used 
raw—there is a decided sentimental] objection to the use of meat from 
cattle, sheep or pigs which are known to have tuberculosis. Tuberculosis 
of the muscles is very rare, and if the anima] killed has only a glandular 
tuberculosis, under certain restrictions the meat might be used. but only 
after being passed by the inspectors and then labeled. 

Fow.s.—Avian tuberculosis is probably not communicable to man, 
but few persons would be willing to eat a fowl which had had tuber- 
culosis. 


Practice of Medicine—Tice. 


#3-These new pages 361—568b take the place of the old pages 361-568, Vol. II. Take out the old, insert the new. 


TREATMENT 493 


PROPAGANDA AGAINST Patent Mepictnes AND ‘‘Faxe Curgs.’’—Al- 
though possibly not a direct prophylactic measure, the educational cam- 
paign against patent medicines advertised as ‘‘sure cures’’ for consump- 
tion has a direct influence on the mortality from tuberculosis and an 
indirect influence on the development of the disease. Many persons 
when run down or feeling below par turn to the patent medicine which 
may temporarily stimulate, while allowing the disease to gain headway. 
As the majority of the remedies advertised’ as ‘‘sure cures’’ contain a 
large percentage of alcohol and depend upon this for their bracing effects, 
it can readily be seen how the reaction following the temporary stimu- 
lation may act as a boomerang, and in the long run depress the system 
rather than aid in throwing off the disease. Much valuable time is 
wasted in early cases by taking medicines and trying to keep at work 
when the patient ought to be having rational, hygienic treatment. 

It is needless to reiterate the figures of the amount of money ex- 
pended annually on patent medicines, for these large figures usually 
meéan little to us. When, however, we see some patient who is down-and- 
out financially and physically, who has wasted everything he possessed 
in purchasing worthless ‘‘eures,’’ the personal side of the question is 
brought home to us, and we realize more fully just what the results of 
this traffic in health are. The consumption cures which have been ad- 
vertised and sold to a gullible public are legion, and much ingenuity 
is wasted in devising and advertising new fakes. Many of these have 
been exposed by the American Medical Association and the results of 
the investigations have been published in a booklet entitled ‘‘Con- 
sumption Cures.’’ The latter is of great use to the physician when 
he is asked by patients about some one of these cures. Pulmonary 
tuberculosis Jends itself more than any other disease to such ‘‘cures,’’ as 
its course is long and variable. When a person uses an advertised 
remedy during a period of activity of disease and find that this activ- 
ity passes off soon after, he is apt to ascribe a causal relationship. This 
eyclical course of tuberculosis is what makes it such a fertile field for 
quackery. Another factor which helps promote the sale of patent medi- 
cines for tuberculosis is the long and discouraging course of many 
cases. which makes the patient eager to grasp at any straw, is despera- 
tion. It is the duty of every physician to warn the public against 
these frauds and to do all in his power to suppress their sale. 

(b) Individual Prophylaxis—In Cumpren.—Recognizing that in- 
faney and childhood are the periods of infection, in the majority if not 
in all persons, our greatest efforts should be directed toward protecting 
the child. Hereditary transmission is now considered to be a negligible 
factor in tuberculosis. The infection takes place after birth by con- 
tact with a tuberculous person, or by taking into the body some sub- 
stance containing tubercle bacilli. In families where one or the other 
parent is tuberculous the chances of infection are much greater than 
where the parents are healthy; and it is this greater frequency of 
infection in children of tuberculous parents which has given rise to 
the popular impression of heredity. The children of such families should 
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be re-examined periodically. If the mother is tuberculous at the time 
of a child’s birth the baby should not be nursed, both for its own 
sake and for the sake of the mother. Taking the child away from 
the mother immediately after birth and bringing it up in surround- 
ings free from tuberculosis has been tried, both in France and in this 
country, with splendid results. The sentimental objections which can 
be offered to this procedure are overcome when the striking benefits 
to the child are explained to the parents. If the child is to be fed 
by a wet-nurse, care must be taken that the nurse is healthy. Arti- 
ficial feeding of infants is more extensively used now than ever before. 
The milk used should come from certified dairies, and unless the source 
is absolutely certain to be free from all dangers, pasteurizing is the 
only safe procedure. The relative frequency of bovine and human 
infection in children has been discussed above, and it is only neces- 
sary here to state that tuberculous milk is a real danger, especially for 
children. The practice of tasting a child’s food before giving it to the 
child, of moistening teething rings and comforts in the mouth before 
putting them in the child’s mouth are not uncommon practices and 
cannot be condemned too strongly. It is an instinct for a child to 
put everything into its mouth, and for this reason the playthings should 
be kept clean and the child should be watched to see what it tries to 
suck or put into its mouth. We must also remember that the child 
is first of all a creeping animal and naturally lives close to the floor. 
It is thus almost constantly in contact with dust and dirt. From this 
it will be recognized how readily infection can gain entrance to the 
child’s body unless its activities are watched. The nursery should be 
a bright, sunny room with floor and walls that can be readily cleaned. 
Rugs are better than carpets, as they are more easily cleaned and aired. 
This room must be capable of easy ventilation, and when the child is 
asleep the windows should be kept open sufficiently to secure an abun- 
dance of fresh air. An infant requires a large amount of sleep and 
this must be allowed. 

The practice of kissing children on the mouth is a dangerous one 
and should be forbidden even to the parents. Strangers should not be 
permitted to fondle a child, particularly if they are recognized as not 
being strong. The most important prophylactic measure in childhood 
is to keep the child away from any one who is known to have tuber- 
culosis. Even tuberculous parents will realize the importance of this 
if the dangers are tactfully explained to them. Entrance to rooms 
which are occupied by consumptives should be strictly forbidden to 
children, and it is unwise to allow the young to go into houses, sana- 
toria or hospitals where tuberculous patients are cared for. Children 
should also be instructed not to accept fruit, candy and the like from 
consumptives, as there is great danger of this being contaminated by 
the fingers of the patient. In this connection Baldwin has shown that 
the fingers of tuberculous patients are infected with tubercle bacilli 
in a sufficiently large percentage of cases to make this a practical source 
of infection. 
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As the child grows older the hygienic regulation of its life demands 
as great care as in infancy. The physical and mental development 
must be watched and, if below the normal for its age, the cause should 
be found out. There should be provision for an abundance of fresh 
air day and night; the food should be plain, good and wholesome. It 
is false economy to endeavor to save on the food of growing children. 
Over-fatigue, both mental and physical, must be avoided. A chronically 
tired and listless child is not healthy. A rest period of an hour or 
more during the day is important until the child is seven or eight years 
old. Convalescence from infectious diseases is a time of danger re- 
quiring particular precautions. This is especially true of measles and 
whooping-cough, after which tuberculosis develops in a certain number 
of cases. Cleanliness of the mouth and brushing of the teeth are im- 
portant not only from the local standpoint, but from the standpoint 
of the general health of the child. Pathological conditions of the naso- 
pharynx and pharynx, adenoids and enlarged tonsils require treatment, 
as these not only frequently become infected with tuberculosis, but 
mechanically interfere with respiration, and if neglected give rise 
to deformities of the thorax and consequently to improper development 
of the lungs. The time of puberty, with its change from girlhood to 
womanhood or from boyhood to manhood, is a period of stress for the 
child and at this time fhe health must be most carefully watched. Hess 
has shown by statistics from the New York City Board of Health reports 
a noticeable increase in the tuberculosis mortality at the age of puberty 
in both boys and girls, a fact which deserves more attention than it 
has received. 

In ApuLts.—The factors which deserve attention from the standpoint 
of prophylaxis for adults are considered under the Predisposing Causes 
which have been discussed above. Avoidance of or regulation of any 
of these causes is true prophylaxis. While we believe that the great 
majority of infections take place in childhood, we should not claim that 
for this reason preventive measures are not necessary for adults. We 
have no scientific facts to prove that an adult under special conditions 
of so-called ‘‘lowered resistance’’ combined with an opportunity for 
an overwhelming infection may not become infected, although the 
chances for this combination are not likely and probably rarely occur 
after the twenty-fifth year. Until our definite knowledge of all factors 
which may influence infection and the development of infection into 
clinical disease is thoroughly established and proved, we must recommend 
that adults take all precautions possible to prevent the entrance into their 
bodies of the tubercle bacillus, from whatever source. The precautions 
include protection from the sputum and excreta containing bacilli from 
tuberculous persons; protection from the droplets issuing from their 
mouths during cough and loud talking; protection from infected foods 
and milk; abstaining from kissing tuberculous persons on the mouth; 
occupying separate beds and, if possible, separate rooms from patients; 
cleanliness of mouths and hands, especially before eating; and, in general, 
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care not to admit into the system either by nose or mouth anything which 
is even a potential carrier of tubercle bacilli. 


THERAPEUTIC MEASURES 


General Management.— GENERAL CoNsIDERATIONS.—Before entering 
into a discussion of the management of patients with pulmonary tuber- 
culosis it is necessary to understand what we are trying to do and 
what it is that causes the symptoms we are endeavoring to combat. 
Here it should be stated that we can but rarely directly influence the 
disease in the lungs by treatment, and that we can do this only in- 
directly by regulating the life of the patient, thus bringing the whole 
system into a more nearly normal condition. The general, improve- 
ment will then react on the local disease. 

Our endeavor is, first, to cause the disease to become less active or 
inactive and then to aid nature in its healing process which. in tuber- 
culosis, is represented by the development of fibrous tissue which will 
replace or encapsulate the tubercles. Absorption of poisonous matters 
from the diseased foci in the lungs is the cause of many of the symptoms 
of pulmonary tuberculosis. as has been already pointed out, and to 
lessen this absorption is one of the chief aims of treatment. 

The first requisite for treatment is that the patient be freed from 
mental worry about family and business affairs. It should be ex- 
plained that this treatment constitutes his work to the exclusion of all 
other interests until he is restored to working capacity. Thus it is 
necessary for men to arrange their business affairs so that they may he 
away from office or shop until they are again in good health, and for 
women to settle household and family arrangements so that these will not 
be a cause of worry during the period of their cure. These matters are 
frequently difficult to arrange, but their importance is great, as a 
contented mind is of the utmost value. Men, in particular, will often 
say that they cannot afford to stop work, but to these it should be ex- 
plained that the time and money spent are an investment for the future; 
that with health they can earn back what they have expended, while with- 
out health their earning capacities are permanently lowered, if not en- 
tirely lost. The breaking up of the home is, in all classes of society, one 
of the tragedies of tuberculosis and one of the problems which must be 
faced. In some cases it is necessary to keep the patient in the home, but 
even when this is done, the responsibility of running the house must 
be taken from the patient. The mental outlook of the invalid is equally 
as important as the physical. 

From the physical side active pulmonary tuberculosis represents a 
speeding up of the vital processes, and this in turn is manifested by 
an increase in the catabolism of the body. Our aim must be to stop 
this waste and then to repair it. For this purpose the most important 
aid at our disposal is rest. Rest has long been recognized as a great 
therapeutic agent in many conditions, and in none is this more true 
than in tuberculosis. Nature attempts to rest the diseased lung by 
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fixing the side of the chest on which the disease occurs, by lessening 
respiratory movements. This is shown, by the increased tonicity of 
the thoracic muscles and the lessened excursions of the diaphragm, which 
have already been described. This is comparable to the muscular spasm 
in the neighborhood of diseased joints which is nature’s method of pro- 
tecting the joint from injury and pain by limitation of the movements. 
How can we aid in giving rest to the lung? Directly, in only a few 
cases, as in artificial pneumothorax; indirectly, in the great majority 
of cases by putting the patient’s whole body at rest. A person who is 
actively exercising breathes more frequently and more deeply than 
when standing; likewise also, he breathes less often when sitting than 
when standing, and finally the breathing is reduced to a minimum when 
lying down. This is explained by the fact that muscular action in- 
creases respiration, and in lying down the muscles are in the most com- 
plete relaxation possible. In addition to the diminished respiration pro- 
duced by complete rest, the heart’s action is also slowed. This slowing 
of the cardiac action means a less active circulation, and consequently 
a lessened absorption of poisonous substances from the diseased area 
by the blood. This last-mentioned result is also aided by diminished 
respiratory movements, respiration having a distinct influence on the 
plumonary circulation. The general symptoms—fever, asthenia, loss of 
weight, ete.—which are caused by this absorption are thus improved, 
and this improvement puts the whole system in a better condition 
to combat the disease in the lungs. One other consideration in con- 
nection with keeping the diseased lung as quiet as possible is that in- 
creased pulmonary movement is associated with increased lymph and 
blood flow in the lungs, and the greater the movement of these fluids, 
the greater is the chance of dissemination of the bacilli from the area of 
disease to other parts of the lungs. With these more or less theoretical 
considerations in mind, we will now consider the practical application 
of rest in treating pulmonary tuberculosis. 

When the disease is acute and actwe there is only one treatment 
which is logical and that is rest in bed. The more absolutely this 4s 
enforced, the greater the chance the disease has of becoming quiescent. 
Ideally, an acute case should be treated like a typhoid fever patient, as 
regards quiet. The patient should not be allowed to do anything for 
himself that can be done by an attendant. It is often surprising how 
rapidly fever will abate when a patient is put under this strict régime, 
even though rest has continued for some time previously while the pa- 
tient has been in bed, but permitted to perform his own toilet, to go back 
and forth to the bathroom, to sit up for meals, to write letters, ete. For- 
tunately, however, it is not alway necessary to enforce this strict bed 
régime and it is sufficient to have the patient remain in bed most of the 
day, while being permitted to wait on himself. 

The indications for bed rest or a modification of it are fever, a per- 
sistently rapid pulse, continued fatigue and listlessness and, in general, 
signs of activity and absorption. The tendency to regard fever as the 
sole criterion as a basis for enforcing rest, while good in many instances, 
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is too narrow a view of the indications, and the general condition 
of the patient should be taken into account rather than one particular 
symptom. While all phthisiotherapists agree that rest is indicated in 
the presence of the acute or active disease, opinions differ as to how gen- 
erally bed rest should be enforced in an average tuberculosis practice. 
If may be a most extreme view that every person in whom a diagnosis of 
pulmonary tuberculosis is made should be put to bed for six weeks or 
longer with the object of bringing the disease to a state of quiescence as 
rapidly as possible and thus shortening the period of disability. It 
is remarkable what an effect it produces upon the patient. During 
this period he can be so educated that he later avoids many of the pitfalls 
that await unwary, ignorant, though conscientious patients. He is given 
proper literature based upon what he should do, not upon the disease 
which he can hardly comprehend. The memory of his rest in bed lingers 
permanently in his mind, and means much in regard to his permanent 
recovery. To keep a patient six weeks in bed when he does not feel ill 
necessitates frequent visits (once or twice a week) from the physician, 
who must be convinced of its value. 

Several points may be mentioned in this connection without entering 
into a lengthy discussion of the question. Pulmonary tuberculosis is a 
disease of the whole body with its chief manifestations in the lungs, and 
what is best for the system as a whole is best for the disease in the 
lungs. Secondly, the clinical picture of pulmonary tuberculosis is one 
of the reaction of the organism to the infection, and as different persons 
react differently to the same amount and character of disease, the 
individual resistance must be taken into account in any particular case. 
Thirdly, some patients—particularly those of high strung, nervous 
temperament—may obtain more rest in a reclining chair than they 
would if confined to bed. The writers are firm believers in the im- 
portance of rest, both from personal experience and with patients; but 
they also consider that each patient must be treated as an individual, 
differing to a certain extent from all other individuals, and that every 
person presenting himself for treatment must be advised according to 
the particular requirements of the case. 

Rest for the mind is equally important with rest of body, and it 
is essential to regulate a patient’s mental activities with this end in 
view. Study, reading which requires concentration, also business cor- 
respondence, should be forbidden during the stage of activity. Light 
reading, letter writing (one a day), and the like are permissible, accord- 
ing to the requirements of the case. The length of bed rest, when this is 
indicated, will vary with each case, and no rule can be given to cover 
all cases. It should last at least until the symptoms for which it was 
recommended have subsided, and after this for a period long enough 
to be certain that they will not recur; in other words, until we can feel 
reasonably certain that getting up will do no harm. The change from 
bed rest to being up, dressing and sitting in a reclining chair must 
be gradually accomplished, and the time during which the patient is 
allowed to be out of bed lengthened a little each day. It is usually 
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wise to have the patient remain in bed for breakfast for some time after 
his period of bed rest. The next stage in treatment is that in which the 
patient, although dressed and going to the dining-room for meals, spends 
the greater part of the day in a reclining chair or on a bed or couch 
out of doors. If it is not thought necessary to enforce bed rest in every 
case it is certainly wise to insist that all cases beginning treatment have 
this ‘‘chair’’ rest for a period of usually not less than six to eight weeks, 

Apart from the benefits to the patient, the physician is enabled dur- 
ing this time to form an estimate of the nature of the case, of any tend- 
eney to fever or other symptoms, and at its conclusion is in a better 
position to advise as to further treatment. In all cases it is well to insist 
upon a rest of two hours each day during which quiet is enforced and 
conversation prohibited. Between two and four in the afternoon is the 
time usually chosen for this quiet period, and many patients acquire the 
habit of sleeping for a part of this time. 

It is often wise for the patient to go to bed during this rest. The 
chief requisites for sitting out are a chair which allows the legs to be 
extended on a level with the thighs, which permits complete muscular 
relaxation and does not compel the body to assume unnatural or un- 
comfortable positions. The chair should also be spacious enough to 
permit the use of rugs or blankets for warmth in cold weather. It is 
important to have a chair which does not allow the back to be bowed 
and the shoulders humped forward. This position cramps the abdo- 
men and forces the diaphragm upwards, thus interfering with respira- 
tion. The porch or veranda on which the patient is to sit or recline 
should be covered and protected from the wind by sliding windows or 
canvas curtains. It is not advisable to have a patient exposed to the 
wind, as this may cause chilling or pleurisy. If properly protected, 
there is no reason why a patient, if properly clothed, may not be out 
of doors even in the most inclement weather. A sunny porch is de- 
sirable in spring, autumn and winter, but during the summer a pa- 
tient should not be exposed to the direct rays of the sun, as this may 
cause a rise in body temperature or headache. The head should al- 
ways be protected from the sun. One of the generally accepted requi- 
sites of treatment of pulmonary tuberculosis is fresh air. The patient 
is instructed to be in the open air all of the waking day, except at 
meal times, and to have an abundance of fresh air during the night. 
It must be remembered that the fresh air, while most important in 
itself, may be used indiscreetly, especially at night. Above everything 
else, it is necessary for the patient, at all times, to be comfortable and 
not to feel cold or chilly. If chilling occurs, the patient should go into 
the house and get thoroughly warmed. Many persons when beginning 
treatment seem to think that unless they are cold, they will not obtain 
the maximum benefit from the cure. Nothing could be more unwise than 
this and we must advise temperance in the use of this aspect of treatment. 
There is a great difference between a well-ventilated room and a cold 
room, and we must remember that cold air is not necessarily pure, and 
also that warm air is not ipso facto impure. When a sleeping apartment 


500 PULMONARY TUBERCULOSIS 


is so cold that rest is disturbed, that the sleeper awakens tired out from 
the weight of bed clothes necessary for bodily warmth, or stiff and sore 
from the cramped position taken to avoid being cold, less benefit is ob- 
tained from the night's rest than would be had in a somewhat warmer 
room with greater comfort and more refreshing sleep. Under such cir- 
cumstances, in extreme weather there is a tendency to cover the face with 
the bedclothes, which is not nearly so healthful as to have the face uncov- 
ered in a warmer atmosphere. Patients differ as to the amount of cold 
that they can stand with comfort, and here again the personal equation 
must be taken into account. 

In beginning treatment it is often necessary to accustom a patient 
gradually to an open air life. Many patients will say that they cannot 
stand the cold, and with these in particular it is wise not to be too 
insistent at first on rigorous observance of routine or else they will be- 
come rebellious and take matters into their own hands. As the cireu- 
lation improves and the anemia disappears, more fresh air can be recom- 
mended andgwe shall have willing codperation instead of antagonism. 
The question of sleeping out of doors or in a well-ventilated room is 
largely a matter of personal preference. To many there is a feeling of 
invigoration produced by sleeping in the open air, and for these it is 
advantageous; but to insist that all patients should sleep outside, no 
matter what the weather or circumstances, is often to impose a cruelty 
which may have disastrous consequences. This is particularly true of 
those in advanced stages of the disease, and it is frequently better to 
keep these patients in warmer surroundings which would not impose such 
a strain on the already lowered vitality. It may be necessary to expose 
them to cold air only a few hours a day at first as the object cf this 
treatment is stimulation, which should not be followed by exhaustion. 

While a patient is confined to bed, a porch which ean be used at 
least during the day is of advantage, from a sentimental standpoint if 
not an absolute necessity from the physical side. The person who is in 
bed feels that he is getting more treatment if in reality out of doors, 
while if confined day and night within the same four walls, he is apt to 
weary of the monotony of his existence. The ideal room for a tubercu- 
lous patient is bright and sunny, capable of good ventilation without 
draughts; simple in furnishings, but not so bare as to be disagreeable. 
The bed and mattress must, above everything, be comfortable, as other- 
wise rest will be disturbed. 

CLOTHING.—There is no more important part of the treatment than 
a supervision of the clothing of the patient. This must at all times be 
suitable for the patients and their surroundings. Underwear for cold 
weather should be woolen, if possible, or a mixture of wool and cotton, 
or wool and silk. A person who is sitting out of doors in winter can 
stand with comfort much heavier underwear than a person who is en- 
gaged in active work. In the northern climates there should be three 
weights of underclothes: light for summer, heavy for winter, with a 
medium weight for spring and autumn. Changes should not be made 
too early in the spring, or too late in the fall, and if a cold day comes 
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unexpectedly the patient should be told to put on e heavier weight, 
even if this has again to be changed the next day. Footwear should 
not be tight or uncomfortable. Arctics and moccasins or fur boots are 
sold in all health resorts and are advisable for the winter weather. Hot 
water bottles, stoneware jars, soap stones and electric heating pads are 
frequently necessary accessories to comfort. The hands should be kept 
warm with loose gloves or mittens. Caps are made of a variety of 
materials and in many styles, of which many are suitable. Fur coats 
for winter use are better than cloth. Leather jackets are extensively 
worn for walking. It is wise to advise the patients to use a lighter outer 
coat when walking than when sitting, as the weight of the heavier coats 
makes walking difficult and tires the patient. Sweaters, knitted vests 
and the like are useful. Every patient should have one or more heavy 
rugs or blankets to wrap himself in while sitting out. Fur robes are 
excellent for this purpose, but expensive. For female patients the ques- 
tion of whether or not to wear corsets is important. Tightly fitting and 
high corsets which impede respiration are to be frowned upon. As a 
general rule, a low corset or girdle or Ferris waist will be found all that 
is necessary and is preferable to no support at all, especially if the 
patient is accustomed to having the abdomen supported. 

AMUSEMENTS.—Only a few of the more phlegmatic patients are con- 
tent to spend their days doing nothing. The great majority must have 
something to do which will keep their minds occupied. Light reading, 
conversation, avoiding heated arguments, letter writing, card playing— 
if not for stakes—checkers, chess, knitting, crocheting, embroidery, weav- 
ing, basket-making, etc., are permissible for non-febrile patients, if not 
carried to the point of fatigue. The amount and character of the 
amusement must be suited to the individual case and should be definitely 
regulated. If a rise in temperature follows any of these activities, they 
should be modified in such a way as to avoid this in future. A contented 
mind in a rested body should be the aim of our instructions. 

Home TREATMENT VERSUS SANATORIUM OR HeaLtH Resort.—This 
has been and is a question which has received much attention. In many 
cases financial and family reasons make it imperative for a patient with 
pulmonary tuberculosis to remain at home. Good results have been 
obtained under these circumstances, especially where it has been pos- 
sible to move the home to some suburban place where more hygienic 
surroundings can be obtained than in the cities. If it seems advisable 
to keep the patient at home, the same treatment or a modification of 
that already outlined should be enforced. In the majority of cases, 
however, it is better to move the patient away from home surroundings 
to some place where special arrangements are made for, and special 
attention is given tc, persons wit pulmonary tuberculosis. The change 
frequently has a stimulating effect, and it 1s a common experience to 
see a patient improve after moving to a new locality where he leads a 
similar life to that which he has lived at home. Just as a change is 
usually beneficial for a person who is run down after an acute illness, 
so is a change of benefit to the tuberculous patient. Again, in a health 
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resort or sanatorium the patient feels the benefit of association with 
others who are striving to regain their health, and the cheerful atmos- 
phere and helpful codperation in the majority of our health resorts 
cannot but be helpful. There is frequently a dread, in the minds of 
patients, of being in the midst of sickness, but this is usually a mistake, 
for in no place in the country can a person find more cheerfulness and 
bravery than among pulmonary invalids who are making their fight for 
health and life. It is rare to see the distressing side of tuberculosis in 
a health resort, as those patients who are acutely ill are not on the 
streets but are confined to their rooms. In a sanatorium or health resort 
where a patient goes for the purpose of regaining health, it is much 
easier to follow a routine, where this is the rule, than to do the same 
things at home where the patient is the exception. It is the experience 
of all health resorts, whether for tuberculosis or other disease, that 
patients will there do willingly what they will not do in their own 
homes. The educational aspect of a residence in such a resort is also 
most important, and in them the patient learns what should be done and 
what avoided, the possibilities of danger, the precautions to take, and 
much general information about his disease which he did not know 
before, and which is with difficulty taught elsewhere. From .this stand- 
point alone it is advisable to have patients go to some resort, even if 
only for a short time, after which they can often return to home sur- 
roundings with a better appreciation of what is necessary for their 
own good. 

Just when a patient should be moved from home is sometimes diffi- 
cult to determine. If the disease is acute or there has been a recent 
hemoptysis, should the patient leave home immediately or wait until the 
disease is quiescent? Much depends upon the circumstances, the ease 
or difficulties of the journey, the arrangements that can be made for 
his or her reception, ete. As a rule, if there 1s any danger in moving 
the patient, it 1s best to wait until such danger is past, but in some eases 
it is less dangerous to make the journey than it is to leave the patient. 
where he is. Here again common sense and special circumstances must 
decide the question. Ordinarily the patient should not leave home until 
two weeks after an hemoptysis. In many cases a febrile patient should 
be kept strictly in bed for several weeks before going to a health resort, 
as by this means he may lose his fever. 

HYGIENE or THE MoutH.—The hygiene of the mouth is important. 
When a patient is expectorating bacillus-laden sputum there is always 
the possibility that particles may be caught on the teeth or in the 
various corners of the mouth. For this reason mouth washes should 
be used before each meal. The frequent use of these tends to keep the 
mucous membrane in good condition and so lessens the dangers of local 
infection from the sputum. The teeth should be brushed at least twice 
a day to keep them in a healthy state. 

REGULATION OF BoweELs.—Attention should be given to regulating 
the action of the bowels, as these are apt to become clogged, owing to 
the inactive life and plentiful diet. It is often well to have the patient 
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take a saline laxative about once a week whether there has been a 
daily movement or not. 

Datty TEMPERATURE Recorp.—It may perhaps seem superfluous to 
state that a daily temperature record should be kept. It is a not un- 
common custom for physicians to tell their patients to throw away their 
thermometers so that they will not become nervous about themselves. 
While this is true in a few cases, the temperature record is such an 
important index of the course of the disease that it cannot be neglected. 
A nervous patient may have another patient read and record his tem- 
perature. It is frequently necessary for the patients to take and keep 
a record of their own temperature. The physician must always give 
instructions as to how this is to be done and at what times records are 


’ to be made, if these are to be of any value. 


REGULARITY IN THE DalLy R&aimE.—Patients must be impressed with 
the necessity of regularity in the performance of their daily régime. 
It should be explained to them that their work, until health is regained, 
consists in doing all in their power to aid themselves, and that only 
by devoting their energies toward getting well, as consistently as they 
formerly devotéd them to their work, can they hope to achieve the 
desired results. 

COOPERATION OF PHYSICIAN AND PatientT.—Cooperation between phy- 
Sician and patient is a sine qua non of treatment. In tuberculosis it is 
the patient himself who has to do the actual work, and it is the patient 
who heals the disease. The physician can only advise and instruct, and 
if the patient does not follow the advice given, he will be the loser. For 
this reason it is often necessary to explain at length not only what we 
wish done, but why it is necessary. A little time spent at the outset of 
treatment in this way is most valuable, as we can thus obtain a more 
intelligent cooperation. 

LENGTH OF TREATMENT.—This will vary greatly in each individual 
case and depends upon the gravity of the disease, the response of the 
patient to treatment, and the result which we are endeavoring to obtain. 
Theoretically we always strive to so arrest the disease that the patient 
may return to ordinary normal life and occupation, but practically 
this is not always our object. In some cases it can be seen from the 
first examination that the best we can hope for is to improve the symp- 
toms so that the patient can live in comparative comfort, and that there 
is no possibility of ever restoring him to working efficiency. In such 
cases it would be a useless hardship to prolong treatment after the prob- 
able optimum of improvement has been obtained, and we must be satis- 
fied with relatively satisfactory results. Even in patients with so-called 
early lesions, the length of treatment is very variable; but it is always 
a matter of months rather than weeks. Six months is probably the 
shortest time in which a case with definite signs and symptoms can be 
restored to health. 

It is well to remember that healing takes place chiefly by the forma- 
tion of fibrous tissue which encapsulates the diseased foci. This pro- 
duction of fibrous tissue is a slow process and cannot be rapidly effected. 
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In a considerable proportion even of cases which are diagnosed in their 
incipiency, a year is a safer length of time than six months; and in 
cases which are moderately advanced, treatment is often necessary for 
two or three years or even longer before it is safe for the patient to 
discontinue making the cure the chief work of his life. 

In addition to arresting the local disease, it is necessary to allow 
sufficient time for the other organs of the body to recover from the 
effects of the disease. The aim of treatment should be to have the patient 
so hardened that he can stand at least as much exercise—physical and 
mental—as he will have to stand after his return, without feeling any 
bad effects, before passing from under supervision and returning to his 
work. If he ean do this, there is much less chance of a subsequent 
breakdown. It is absurd to suppose that any person can abandon a 
life of absolute rest and immediately take up one of activity without 
suffering ill-effects. For this reason a gradual return to activity is 
necessary. Here, however, it must be stated that a return to normal life 
after treatment is always more or less of an experiment, and the results 
of the change cannot be predicted with certainty. 

TUBERCULOSIS DISPENSARIES.—Out-patient clinics, in connection with 
the city hospitals or conducted by anti-tuberculosis societies, are now 
held in most of the cities for the special purpose of diagnosing and 
treating pulmonary tuberculosis. They should be under the charge of 
a physician who has made a study of tuberculosis. When the diagnosis 
is established the patient will be advised what to do and where to do it. 
These are, in reality, clearing houses for the hospital class of tuberculous 
patients, and from them the patients are sent to sanatoria or hospitals 
or advised to remain in or near their own homes. An important part 
of a well-conducted clinic is the visiting nurse, who follows up the 
patients, instructs them in the details of treatment, arranges, according 
to their circumstances, for proper accommodation, for precautionary 
measures to protect their families and associates, and by visiting them 
at stated intervals sees that the rules given them are properly carried 
out. She can frequently detect early signs of infection in other mem- 
bers of the family and by her advice often prevent the serious conse- 
quences of ignorance. These clinics have a very real value in solving 
the problem of tuberculosis, 

TUBERCULOSIS CLASSES.—These were first advocated by Joseph Pratt, 
of Boston, and the method has passed the experimental stage and has 
already proved its usefulness in dealing with certain types of patients 
in many cities. The patients are chosen from among those applying 
at the tuberculosis dispensaries or out-patient clinics of the hospitals 
and meet each week in groups of ten or twelve, under the leadership 
of a physician. At these meetings each patient reports his or her prog- 
ress during the week, is weighed and given such special advice as the 
case demands. Questions are asked and problems discussed which are 
of interest to the class. <A feeling of fellowship is developed and the 
members of the class have the great advantage of association with others 
who have similar problems to solve and conditions to meet. A visiting 
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nurse is an important factor in the success of these classes and much 
depends upon the physician and nurse. 

PREVENTORIA.—Institutions are established in different parts of the 
country where patients of the so-called ‘‘pre-tuberculous’’ stage receive 
treatment. To these institutions persons are sent who are run down, 
who have a bad family history of tuberculosis, or who in general may 
be said to be on the verge of more serious illness. Some of these insti- 
tutions care for children of tuberculous parents. The treatment as a 
rule consists in giving the patients a chance to live a healthy, open-air 
life with a sufficiency of good nourishing food, all under medical super- 
vision. Although few in number, these preventoria have accomplished 
much good at a low cost and have in two or three months so built up 
the patients that they are in a better condition to carry on their work 
without developing tuberculous disease. 

SANATORIA.—Sanatoria usually admit only the early cases or those 
who are moderately advanced but give promise of improvement. In 
recent years there has been much heated discussion as to whether the 
results obtained by these institutions justify the expense of their main- 
tenance. The immediate results of treatment are excellent in these 
institutions, and the late results are probably much better than could 
be obtained by other methods. The statistics obtained from 5,620 pa- 
tients discharged from the Trudeau Sanatorium from its founding in 
1884 up to the end of 1923 show that 47.0 per cent. are well; 8.6 per 
eent. are living, but not well; while 38.6 per cent. are dead; and 5.6 
per cent. cannot be traced. Figures such as these are certainly most 
gratifying and are a forceful argument in favor of the sanatoria. Not 
the least benefit of the sanatorium is its educational influence, and 
through the patients who have been treated a very great mass of infor- 
mation has been disseminated not only among the laity, but also in the 
medical profession. 

HosPITALS FOR THE CARE OF ADVANCED CasEs.—These are a later 
development than the sanatoria. In these institutions it is not to be 
expected that many cases will be arrested and restored to working effi- 
clency, but their usefulness in providing accommodation for the ad- 
vanced, and therefore the most infectious cases, is beyond dispute. 
Even if cures are few in these hospitals, what greater good could they 
accomplish than in providing care and comfort for the last days of many 
of these patients, who are truly outcasts from society ? 

Exercise —In every case of pulmonary tuberculosis which is pro- 
eressing favorably under treatment there comes a time sooner or later 
when exercise must be commenced. In the active stage rest is abso- 
lutely indicated, as outlined above, and in the quiescent stage exercise 
plays an equally important part in treatment. Just when rest should 
end and exercise begin or just where and in what proportion the two 
should be combined is a decision which requires judgment, experience 
and most careful consideration for each individual case. Exercise in- 
creases the depth of respiration, increases the rapidity of the heart, and 
consequently the rate of blood flow through the vessels. This, while it 
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is injurious if there is an active process in the lungs, 1s beneficial later 
in the disease, if not exaggerated. 

The normal person requires a certain amount of exercise each day 
to keep the body in a condition of health, and in the same way, though 
to a modified extent, the pulmonary invalid requires some exercise 
after the stage of activity has been passed. The transition from rest 
to exercise must be gradually accomplished. If the patient has been 
confined to bed the ordinary movements of going to the bathroom, get- 
ting dressed, going to the dining-room, ete., must at first all be con- 
sidered as exercise. After these come driving, then short motor rides 
and then walking. Walking is the form of exercise most commonly 
employed in sanatoria and health resorts. This must be started by al- 
lowing short walks on the level—say five or ten minutes—once or twice 
a day, and slowly increasing as the patient gains strength. The fol- 
lowing rules for exercise should be observed: 


(1) None if there is fever. 

(2) None if there is rapid pulse or dyspnea. 

(8) None if there has been recent hemoptysis, or other acute symp- 
toms. 

(4) Walk on the level if possible. Avoid hills. 

(5) Walk slowly. 

(6) Do not get out of breath. 

(7) Never exercise to the point of fatigue. 


(8) If exercise causes fever, it should be discontinued temporarily. 
The more strenuous forms of exercise, golf, skating, horseback riding, 
etc., should be allowed only after the patient is able to endure long 
walks for some time without ill-effects. Swimming, tennis, and violent 
games are seldom advisable if a person has had definite pulmonary tuber- 
culosis, as these exert too great a strain on the lungs and may break 
open a healed focus. 

If the surroundings of the patient permit, other forms of exercise 
may be substituted after the patient is in a condition to walk two or 
more hours a day. These include work in the garden, cutting the grass, 
weeding, ete., care of poultry, fruit culture and like work. The greatest 
advocate of graduated work is Marcus Paterson, who was associated 
with Frimley Sanatorium, in England. It must be remembered, how- 
ever, that the patients at Frimley had already passed through the 
Brompton Hospital for Diseases of the Chest in London,, where they 
had previously had a period of bed rest and could thus be considered 
convalescent, before entering the sanatorium. Paterson insisted that his 
patients before beginning to work should be able to walk six miles a 
day. From this stage they passed into Grade I of work, which con- 
sists of carrying a weight of about ten pounds, or weeding, watering, 
potting flowers and painting. From this grade the word gradually in- 
creased through five stages up to Grade VI, which is heavy work with 
pick and shovel, sawing, chopping and using a full-size wheelbarrow for 
five hours a day. The women’s work was rather less strenuous, but re- 
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quired a like hardening process. Paterson claims that by his method 
the patients gradually accustom themselves to hard labor, such as they 
will have to do when discharged from the sanatorium. On the whole, 
his late results do not compare favorably with those obtained by sana- 
toria on this continent, where the rest treatment 1s more commonly 
emphasized. An attempt is being made to train the soldiers who have 
developed pulmonary tuberculosis in the various trades, so that they will 
be fitted for civilian life when discharged. 

Gymnastics and Respiratory Exercise—These have practically no 
place in the treatment of pulmonary tuberculosis, and are certainly 
contra-indicated in the presence of active disease. Breathing exercises 
promote the opposite condition from that which we wish to obtain, 
namely, rest for the lungs. Deep breathing not only expands the lungs, 
but increases the circulation in the pulmonary vessels and so favors 
the spread of harmful substances from the diseased area to the system 
at large and may cause a dissemination of bacilli. It is quite illogical 
to advise rest for the patient and at the same time allow or recommend 
exercises which increase the mobility of the thorax and lungs. Even in 
the period when the disease has ceased to be active, it is unwise to try 
to overcome the deformities produced in healing; namely, fibrosis, thick- 
ened pleura, etc., by forced breathing. These deformities are permanent 
and represent nature’s method of limiting the lung movements. In the 
prophylaxis of this disease, respiratory gymnastics may be used to pro- 
mote a healthy condition of the lungs, especially in young persons who 
are ‘‘poor breathers.’’ It is a recognized fact that tuberculosis tends 
to localize in those parts of the lung where movements are least—namely, 
the apices and around the hilus—and it is therefore logical to suppose 
that improving the respiratory movements—especially of the apices— 
before the infection has localized there, might tend to prevent the devel- 
opment of disease in this location at a later date. 

Massage.—The value of massage in the treatment of this disease is 
not fully appreciated either by the medical profession or the laity. 
Massage movements increase the tone of the muscles and improve the 
circulation. In many patients who are not in a physical condition to 
make active exercise desirable, massage, carefully and skillfully per- 
formed, is of wonderful help. This is particularly true of that class 
of patients which tends to put on fat and becomes soft and flabby, but 
who are unable to take even the most moderate exercise without rise 
in temperature or without hemoptysis. Abdominal massage is of great 
assistance in overcoming constipation. Gentle massage is also bene- 
ficial in promoting sleep in those who are troubled with insomnia, and 
it 1s not uncommon to have these patients fall asleep while their backs 
are being rubbed. In order to be beneficial and not harmful the manipu- 
lations of the masseur must be gently performed. Real injury may 
be done by the violent manipulations which are sometimes used by 
wnskillful persons. The length of the treatments should be short at 
first and gradually increased, according to the results produced. 
Manipulation of the chest muscles are, as a rule, unwise, particularly 
if there has been recent hemorrhage. 


508 PULMONARY TUBERCULOSIS 


Diet.—GENERAL CONSIDERATIONS.—As tuberculosis is essentially a 
wasting disease, the nutrition of the patient forms one of the most im- 
portant indications for treatment. We must remember that the poor 
nutrition which we commonly find associated with well-marked tuber- 
culosis is the result of the activity of the disease acting through the 
absorption of poisons on the metabolism of the body, and causing de- 
rangements of the digestion which render the assimilation of food 
difficult. ; 

In order to correct malnutrition we must begin at the cause, namely, 
the active tuberculosis, and combat this rather than endeavor to in- 
crease the supply of food and neglect the underlying condition. In 
other words, it is better and more sensible to lessen the waste than to 
increase the intake. The teaching, that we should force the patient to 
eat in order to make up the loss, is not getting at the root of the trouble 
and is very likely to aggravate digestive disturbances, and consequently 
to do more harm than good. A normal amount of food with enforce- 
ment of rest and a consequent lessened activity of the disease will in 
the majority of cases produce a steady gain in weight and strength. 
Gain in weight should be looked upon as a favorable symptom of gen- 
eral improvement and not as the main aim of treatment. It is a favor- 
able indication and nothing more. 

The era of forced feeding in pulmonary tuberculosis has fortu- 
nately passed but there is still a tendency on the part of many physi- 
cians to use a modified form of this treatment, calling it super-alimenta- 
tion. Only too often patients are instructed to drink two or three quarts 
of milk, a pint of cream, and take from six to twelve raw eggs a day, 
being assured that this is essential to their cure. The results of this 
advice are usually soon seen in an upset stomach, anorexia, pyrosis and 
flatulence with a fermentative diarrhea which stops immediately when 
a more rational dietary is substituted. It is true that with this exces- 
sive feeding the patients gain in weight, until their stomachs rebel 
against the insult imposed upon them; but the gain is in soft, flabby 
fat which makes them dyspneic, and puts an added strain on the heart 
and organs of elimination. The heart itself, being a muscular organ, 
becomes fatty; the liver becomes enlarged, and the whole pathological 
picture is the reverse of healthful. 

The factor of greatest importance in feeding is the amount of food 
which is digested and assimilated and not the amount taken into the 
stomach. With overfeeding, a large portion of the food taken is not 
digested but passes through the alimentary tract in an undigested form, 
which is not only an economic waste, but causes an irritation in the 
intestines. The dietary which js suitable for a case of pulmonary tuber- 
culosis will vary with the customs of the patient. A person who has 
been accustomed to good living conditions will need a more varied and 
tastefully prepared diet than one who has been brought up in more 
humble surroundings. An Italian, a Frenchman, a German, or an 
Anglo-Saxon will each thrive on food which would be distasteful to the 
others; so that it is impossible to formulate general rules for feeding 
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patients. The only advice that can be given is that the diet for uncom- 
plicated cases should be generous and varied, containing proteins, carbo- 
hydrates, fats and salts. It is practically impossible to prescribe a diet 
that will contain a given percentage or amount of each of these food 
elements in calories, as the number of calories suitable for one patient 
is not suitable for another, and the daily needs of each patient vary 
with the season and other circumstances. With wealthy patients the 
arrangement of a good mixed dietary does not present many difficulties, 
but with the poorer classes it is a complicated problem. As a rule, 
three meals a day are quite sufficient, and this is a more natural method 
of feeding than to endeavor to have the patient take nourishment more 
often. If, however, there is some digestive disturbance which prevents 
taking sufficient nourishment at the regular meals, it is often advisable 
to order smaller quantities of food at more frequent intervals. Pre- 
scribing lunches between the regular meals is now largely done away 
with, as in many cases these lunches destroy the appetite for meals to 
such an extent that the actual amount of nourishment taken in the 
twenty-four hours is less than if they were omitted. Experiments at 
various sanatoria go to show that the patients do as well without these 
lunches, and that the average gain in weight is as great without as with 
them. With the present high cost of food, this is an important factor 
also in administrative expense. While many patients, even with acute 
disease, will relish and digest relatively large amounts of food without 
any ill-effects, this fact does not form an argument for forcing them 
beyond their desires. The best criterion for the amount of food that a 
patient should take is hunger. When a person is hungry and looks for- 
ward to his meals it is a sign that his body craves focd, and he should 
be given a sufficient amount to satisfy this craving. 

The question as to what to do with a person who has no appetite 
and to whom the mere thought of food is disgusting and nauseating 
ig one of the difficult problems in therapy. It is unwise to try to 
force these patients to eat or to threaten them with dire consequences 
if they do not, for this method only serves to inerease their distaste 
for food and often produces nausea. Rest is our most dependable 
weapon with which to combat this symptom and we are often surprised 
to see how rapidly the appetite improves while a patient is in bed. 
If, however, the appetite is still poor, much can be accomplished by 
varying the diet and by preparing the food in attractive and tasteful 
ways. A good cook is almost as important as a physician in treating 
the patient with a poor digestion. Intestinal tuberculosis should always 
be excluded in these patients. 

PROTEIN Foops.—Protein foods have been strongly recommended, on 
the theory that carnivorous animals are less commonly infected with 
tuberculosis than the herbivorous. Excessive amounts of animal proteins 
have been used in treatment, but this method of feeding has not proved 
more beneficial than others in which a well-mixed dietary was given. 
The proteins necessary may be obtained from meats, beef, mutton or 
lamb, poultry, eggs, fish, oysters, milk and cheese, as well as from peas, 
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beans and other vegetables. It is not advisable to force the protein 
foods as, if undigested, these are subject to putrefaction in the intestines, 
and the absorption of the toxins thus produced may bring about dele- 
terious effects on the various organs of the body. 

Fats.—Fats should form an important part of the dietary of tuber- 
culous patients. These may be obtained from butter, cream, fat meat, 
bacon, fish, some nuts or vegetable fats. Many patients have a distaste 
for fatty foods, and with these there is great difficulty in providing a 
sufficient quantity of it. An excess is just as injurious as too little and 
should be guarded against. The amount which a patient can digest and 
assimilate is the best guide as to how much should be allowed or given. 

CARBOHYDRATES.—Carbohydrates must not be neglected, nor consid- 
ered of less importance than fats and proteids. The chief sources of 
these are the cereals, potatoes, bread and sugars. Sweets are very at- 
tractive to many patients, especially in the form of candies. In mod- 
eration, especially if taken after meals, these do no harm; but in excess, 
disturbances of digestion are very apt to ensue. McCann says that 
usually protein should be used moderately (60 to 90 grams per diem), 
fat up to the limit of digestive capacity, and sufficient carbohydrates to 
bring the total caloric intake to 2,500-3,000 calories. 

SALTS.—Salts are obtained chiefly from fresh fruits and vegetables 
and are also present in the cereals. These are necessary for the animal 
economy, and are therefore an important part of the diet. 

VitTamins.—Our knowledge of these substances is constantly increas- 
ing and they have an influence upon growth and metabolism while 
a deficiency of them is said to favor infection and gastro-intestinal dis- 
turbances. They occur in the outer coating of grains and in fresh fruits, 
vegetables, and in eggs, unsterilized milk, cream, nuts, raw oysters and 
clams. Any deficiency in vitamins is readily supplied by milk. 

MILK AND Eeas.—Although often looked upon as being almost spe- 
cifics mm the treatment of tuberculosis, they are in fact nothing more 
than two forms of easily digestible and nutritious food. While form- 
ing an important part of the food of normal persons as well as of those 
with tuberculosis, they should not be made the main items of the dietary. 
The excessive use of either of these foods is productive of much harm 
to the patients. Six glasses of milk and four eggs is a safe limit for 
most patients. 

FLuips.— Water.—Unless there 1s some contra-indication, an abun- 
dance of water should be taken each day preferably between meals. 
This is especially true in febrile cases. Water in quantity tends to flush 
out the system, dilutes toxins, aids in overcoming constipation and is 
usually acceptable to the patient. 

Tea and Coffee——Tea and coffee, if not too strong, are not objec- 
tionable. 

Alcoholic Drinks—Aleoholic drinks are unnecessary and may do 
harm. There is no action of alcohol which may not be better pro- 
duced by other drugs. If, in exceptional cases, there seems to be an 


Practice of Medicine—Tice. 


@- These new pages 361-568b take the place of the old pages 361-568, Vol. II. Take out the old, insert the new. 


TREATMENT 511 


indication for its use, this should be as carefully prescribed as any 
other drug. 

Mixep Diet.—In general, it may be said that there is no one form 
of food which is especially advantageous to the consumptive, and no 
food which is contra-indicated in an uncomplicated case. A mixed diet, 
properly prepared, in sufficient quantity to satisfy the needs of the body 
and which must be arranged to suit the individual case, is the aim of 
the diet for the patient with pulmonary tuberculosis. 

Climatology.—Climate has been associated with the treatment of 
tuberculosis since the earliest times. The fact that pulmonary tuber- 
culosis is a disease of the lungs and that the air we breathe enters the 
body through the lungs has given rise to the popular association of 
the disease and climatic treatment. 

At one time it was thought that climate was the one and all im- 
portant factor in treatment. At present there is a tendency on the 
part of many to deny that climate has any influence and to hold that 
patients may be cured in any locality, provided they follow a given 
régime. Between these two extremes of belief the truth seems to be 
found. Certainly some cases will get better in low-lying, damp localities 
and others will fail to improve in the higher altitudes which are com- 
monly recognized as being beneficial for tuberculosis; but neither of 
these arguments constitutes proof that the influence of climate is negli- 
gible. It is true that no one climate is suitable for all cases, and this 
is explained by the varying clinical picture presented by pulmonary 
tuberculosis, by the diversity of pathological lesions, by the occurrence 
of associated conditions, by the different temperaments of patients, and 
by their financial status. A climate which is beneficial for one is harm- 
ful for another, while a third may do equally well in any one of several 
localities. 

The choice of a climate that may be recommended to an individual 
patient requires a knowledge of the climate of those particular localities, 
as well as a knowledge of the individual peculiarities of the patient. 
Another difficulty in the problem of climatotherapy 1s the fact that we 
have few really scientific data as to the influence of meteorological con- 
ditions on the normal individual, and practically nothing except clinical 
empiricism as to these influences on disease. The factors which combine 
to make a climate are temperature, humidity, rainfall, atmospheric pres- 
sure, amount of sunshine, velocity and direction of air currents, and 
the character of the soil. We speak of healthy or unhealthy climates, 
of good and bad climates, but we have as yet no scientific criterion by 
which to differentiate the two. It may, however, safely be said that 
climate has an influence on the pulmonary invalid, not as great as 
was formerly supposed, but certainly enough to make it worthy of 
consideration. If climate constitutes only from 10 to 15 per cent. of 
treatment, the remainder being fresh air, good food, and hygienic 
reculation of the patient’s life, it is wise to give the patient the bene- 
fit of this 10 per cent. which may in many cases be sufficient to 
turn the scales toward recovery. It is impossible to define the atmos- 
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pherie conditions which are best for our patients, but in a general 
way it may be stated that an altitude of one thousand feet or more 
is better than sea level; that temperature variations should be suffi- 
cient to stimulate, but not so great as to be a hardship; that wind 
and fogs are not advisable, and that what we call a bracing climate 
is better than a sedative one. 

The localities on this continent which are recognized as being bene- 
ficial for tuberculosis and where the greater number of patients now go 
for treatment are the Adirondack and Catskill Mountains in New York 
State, the mountains of Pennsylvania, and North Carolina; the Lau- 
rentian Mountains and the Muskoka region in eastern Canada; Colorado, 
New Mexico, Arizona, Southern California, Alberta, and British Colum- 
bia. In all of these locations excellent results have been obtained, and 
it is among these regions that the choice usually lies. A knowledge of 
the conditions of accommodation, medical care, and ability of the patient 
to procure suitable food and attention in the place selected is important, 
for no climate, however salubrious, will benefit a patient if these other 
considerations are wanting. It is only fair to add that tuberculosis 
sanatoria are established in every state, and that excellent results have 
been obtained in these institutions. If, however, a patient can afford to 
leave home and seek a change under favorable conditions, there is almost 
always some benefit to be obtained from so doing. 

Local Treatment.—At various times physicians have recommended 
treating tuberculosis of the lungs by the direct inhalation of vapors 
from different substances. The vapors of creosote, carbolic acid, chlor- 
oform, menthol, eucalyptol, camphor, iodin, hydrofluoric acid, formal- 
dehyd and other substances have been advised, either alone or in com- 
bination. When we understand the pathology of tuberculosis and real- 
ize that the tubercle is a solid structure and that it is not penetrable 
by the air or inhaled vapors, it will be seen that these attempts cannot 
be productive of any results. In some cases of accompanying bronchitis, 
relief may be afforded by the use of volatile substances, either by satu- 
rating the air of the room with them or by using them with a per- 
forated zine respirator. Direct injection of various antiseptics, espe- 
cially iodoform, into the lung itself has been advocated, but this 
practice is dangerous and has not produced beneficial results. Intra- 
tracheal injections of gomenol, mentho] and guaiacol (in albolene) may 
benefit the cough and are harmless. 

Treatment of Symptoms.—The treatment of symptoms forms a large 
part of the work of the physician, and by this treatment not only are 
the symptoms relieved, but the patient is, as a result, in a better con- 
dition to combat the disease itself. A patient who is troubled with 
excessive cough may easily become worn out by his exertions, and will 
lose sleep and subject his lungs to a constant strain—all of which 
effects will be lessened as soon as the cough is controlled. For this rea- 
son symptomatic treatment is not only desirable, but necessary. 

CovcH.—The rational treatment of cough demands an understand- 
ing of its underlying causes. To endeavor to alleviate the cough with- 
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out knowing its origin is a mistake which is frequently productive 
of harm. We must remember that cough is a symptom and not the 
primary disease, and also that it is the disease that we are treating, 
while the symptom is of secondary importance. Cough is the response 
to the irritation of some substance in the bronchi, trachea or larynx. 
It is, therefore, nature’s means of ridding the respiratory tract of the 
irritation. Cough may also be caused by nerve irritation, as in pleural 
inflammation, enlarged glands in the mediastinum, etc. Between these 
two forms of cough there is a wide difference. The former is often 
beneficial and necessary, while the latter serves only to increase the 
Irritation. 

To deal with these two forms in the same way is irrational. In the 
former case, where the cough tends to free the respiratory tract from 
sputum—in other words when cough is productive—it should not be 
interfered with unless excessive. Much of the coughing ordinarily heard 
is unnecessary, and this may be lessened by having the patient train 
himself in control. At first, difficulty is encountered in controlling 
cough, but gradually the patient will learn not to cough until there 
is sufficient secretion present to make the cough productive, when it 
will be brought up and expectorated with a minimum of effort. That 
this training of the throat is possible is evidenced by the fact that in 
sanatoria and health resorts one is struck by the fact that so little cough- 
ing is heard, the patients having learned the value of control. Fre- 
quent coughing causes a congestion of the larynx, and this in itself 
increases the irritation and leads to further desire to cough. The need- 
less, dry, hacking, unproductive cough may be controlled in a variety 
of ways. Exercise and deep breathing often induce coughing, which 
is best treated by rest for the body and lungs. Patients should be 
kept out of smoky and dusty rooms and avoid irritating gases. Smok- 
ing in many cases causes coughing, and should for these patients be 
prohibited. A glass of water or sucking cracked ice will frequently 
stop 2 coughing spell. Warm milk will sometimes loosen expectora- 
tiou which is tenacious and hard to raise. Lozenges of various com- 
position, glycerin, menthol, the tar preparations, etc., allowed to dis- 
solve in the mouth, are very useful in allaying a tickling in the throat. 
Those containing sugar should be avoided on account of injury to the 
teeth. Sprays for the throat, of simple alkaline antiseptics, as Do- 
bell’s solution, are often all that is necessary to dislodge particles of 
sputum which are causing irritation. Oil sprays, containing menthol, 
eucalyptol, camphor, chloroform or chloretone are of use when there 
is laryngeal irritation. Sometimes this is accomplished better by the 
use of astringent sprays, as argyrol. An ice bag over the front of the 
neck or a mustard plaster over the manubrium sterni often gives relief. 
It is advisable to try one or several of these measures before having re- 
course to drugs taken internally, as these are likely to upset the stomach. 

Of the remedies that may be used internally, a large number might 
be cited, but of those generally used there is a comparatively small 
number, The opiates are often necessary, particularly for the cough 
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which oceurs at night and disturbs the patient’s rest. There is always, 
in prescribing these, a danger of laying the foundation of a habit—espe- 
cially in a chronic disease like tuberculosis in which we must look for- 
ward to a long period of treatment—but when we realize the hopeless 
condition of many of the patients requiring them and also the great 
relief that they afford, we are more than justified in recommending their 
use even in the face of the danger of forming a habit. This danger is 
practically excluded if instead of increasing the dose the form of opiate 
is changed. Morphin, codein, heroin, dionin and pantopon are the 
' ehief opiates in use. These are frequently given in pill or tablet form 
and are less disturbing to the stomach than when given in complicated 
mixtures. If given in the form of linctus, the base is often a syrup, 
but there is a tendency at present to reduce the sweetening. Dilute 
hydrocyanic acid and chloroform are often of assistance in allaying 
irritative cough. In some cases of uncontrollable cough it has been 
necessary to induce artificial pneumothorax for its relief. This has, 
in many instances, been followed by striking results. 

EXPECTORATION.—Expectoration rarely requires treatment. If spu- 
tum is present in the bronchi it is necessary, for the good of the patient, 
to expel it. By training, the patients can usually be taught not to try to 
raise this sputum until it is ready to be expectorated with little effort. 
The morning expectoration, which cleans out the secretion in the bronchi 
which has accumulated during the night, is often the only sputum raised 
during the twenty-four hours. If gagging and nausea are caused by the 
attempt to get rid of this morning expectoration, a glass of hot water 
or warm milk will often loosen it so that it will be brought up without 
difficulty. Ten to fifteen drops of aromatic spirits of ammonia in two or 
three ounces of hot water or cafe-au-lait (equal quantities of hot milk 
and coffee) are often more efficacious. Gargling or spraying the throat 
are sometimes useful procedures. When the expectoration is thick 
and tenacious, ammonium chlorid will often thin it and make it more 
easy toremove. When the secretion is excessive—particularly if there 
is a complicating bronchitis—creosote or some of its substitutes will 
be of benefit, but 1t may disturb the stomach. In some cases where 
cavity is present and the evacuation of the accumulated secretion in 
these is difficult, its removal may be aided by having the patient as- 
sume various postures, so that the secretion will flow out by gravity. 
This may be accomplished by removing the pillows and raising the foot 
of the bed ten to fifteen inches or, in stronger patients, by lying face 
downward on the bed, and allowing the upper half of the body to hang 
down until the head rests on a pillow on the floor. Patients should be 
gradually accustomed to such procedure. 

Hemoptysis.—Probably no accident occurring during the course of 
pulmonary tuberculosis is more alarming to the patient or his friends 
than is a hemorrhage from the lungs. Fortunately, however, it is 
rare for a hemorrhage to prove directly fatal and the after-effects are 
more to be dreaded than the bleeding itself. From the standpoint of 
the physician, the treatment of hemoptysis 1s most unsatisfactory, as 
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Wwe cannot see just where the blood is coming from and we are unable 
to judge the effects of our treatment by any but indirect means. The 
number of remedies which have been suggested and used—many of them 
with diametrically opposite action—will indicate that we have no cer- 
tain method of arresting the bleeding from the lungs and also that the 
medical profession, feeling its impotence, is still ready to grasp at any 
straw which offers any hope of success. Small hemorrhages usually stop 
of themselves without any treatment, and often in spite of what has 
been done, while large hemorrhages—such as occur through rupture of 
an aneurysmal dilatation of a blood-vessel in a cavity—will continue 
until nature arrests them or the patient dies. These facts, however, do 
not warrant us to sit with folded hands and do nothing, for we have at 
our disposal many means of assisting nature in stopping the leak. 
Treatment should be instituted to prevent excessive cough and 
straining, to quiet the movements of the lung, and to increase the 
coagulability of the blood. If a hemorrhage is to be arrested, this will 
be accomplished by blocking the bleeding point by the clotting of the 
blood, and any measure which will aid in this will be of benefit and 
assistance. One of the first duties of the physician in the presence of 
a pulmonary hemorrhage is to allay the nervousness of the patient. This 
can best be done by keeping cool himself and acting as though there 
were nothing to worry about. A quiet reassurance by the physician 
that there is no danger will do much to restore confidence and calm the 
patient. Nervousness on the part of the patient increases the heart’s 
action and the blood-pressure, and this tends to increase the bleeding 
or to displace a clot that may be forming. Absolute rest should be 
enforced. The prone is not as good as a semi-recumbent position, for 
the former is likely to increase the tendency to cough, and renders ex- 
pectoration of the blood more difficult. As every motion increases the 
breathing and heart’s action, the patient must be instructed to lie per- 
fectly quiet and allow the attendants to do what is necessary. Even 
talking should be prohibited in the more severe cases. To quiet the 
cough and slow the respiration and heart, as well as allay nervousness, 
a hypodermic injection of morphin, codein or heroin is often neces- 
sary; but to use this as a routine measure is decidedly unwise, as the 
opiate in diminishing the sensibility may lead to a retention of blood 
in the bronchi which may later cause a pneumonia or an acute spread 
of the disease. Frequently, however, we have to decide between the 
two dangers and choose the lesser. Once the active bleeding has 
ceased and the lungs are cleared of all the blood that can be brought up, 
Opiates are indicated at regular intervals to keep the patient from 
coughing. The bromids may be used instead of opiates to quiet nerv- 
ousness. These are also said to have the additional action of causing 
a slight fall in arterial pressure and pulse rate and to decrease the 
coagulation time. Inhalations of chloroform—not sufficient to produce 
unconsciousness, but just enough to dull the sensibilities—are of use 
in quieting the patient, relieving cough, slowing the respiration and 
depressing the heart’s action. The use of cracked ice to suck is com- 
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mon and often serves to check cough. It is pleasant for the patient, 
as it keeps the mouth moist and relieves the disagreeable taste. The 
ice-bag is frequently used, but has little if any benefit. It is often im- 
possible to tell which lung the blood is coming from and even if the 
exact point could be determined, it is impossible for cold, applied ex- 
ternally, to have any effect on it. When placed over the precordium, 
however, the ice-bag is of distinct benefit in quieting the excitability of 
the heart. As a rule, the application of cold in these patients is un- 
pleasant and the very doubtful utility of the ice-bag does not compensate 
for its disagreeableness. 

Of drugs which have an effect on the circulation two opposite classes 
have been recommended: the vasoconstrictors and the vasodilators. The 
former are employed on the theory that constriction of the vessels 
stops the bleeding, in spite of the resulting higher blood-pressure. 
Ergot was formerly much used, but cannot be recommended. Supra- 
renal extract and adrenalin are also employed, but without much evi- 
dence intheirfavor. The vasodilators are recommended, on the theory 
that by general dilatation of the systemic vessels the pressure is lowered 
and less blood passes the bleeding point, thereby favoring clotting. Of 
this class amyl nitrite is rapid in action, and in certain cases seems to 
stop the bleeding when inhaled during the actual hemorrhage. The 
dispensing of amy] nitrite in capsules or pearls gives us a convenient 
method of using this drug. Nitroglycerin and sodium nitrite act 
more slowly and for a longer time, and may be administered at intervals 
to maintain their effects. Atropin in large doses (1/50 to 1/25 gr., 
.00130-.00259 gm.)—up to the point of causing retention of the urine 
has some empirical basis for its employment. Emetin has been used 
hypodermically, and in some cases acts well. Oil of turpentine, given 
on sugar, is sometimes beneficial, particularly in frequent small hemor- 
rhages. Venesection was formerly the common practice in hemoptysis 
and might theoretically be useful in lowering blood-pressure and reduc- 
ing, temporarily, the amount of blood going into the lungs. In severe 
hemorrhages it is sometimes necessary to keep the blood in the ex- 
tremities by applying tourniquets to the arms and thighs. These 
should not be left in place more than two hours and then should be 
gradually released, in order that the retained blood may re-enter the 
circulation gradually. 

To increase the coagulability of the blood calcium lactate is now 
very generally used but acts rather as a placebo. Fibrogen is prob- 
ably the most efficient means of decreasing the coagulation time, and 
may be of some benefit in treatment. Common salt is a household 
remedy for bleeding and recent investigation has shown that there is 
a scientific basis for its use. Given by the mouth, the coagulability of 
the blood is increased in a few minutes; but there is great danger of 
producing emesis. It is also used intravenously, 10 to 50 ¢.c. of a 
sterilized 10 per cent. solution being injected into the median basilic 
vein. Magnesium sulphate, by drawing fluids into the intestines, may 
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reduce the volume of the blood and is of some use. It is the most 
rational drug for producing movements of the bowels after hemoptysis. 

Attention to the bowels should never be neglected, and it is impor- 
tant that the patient be not allowed to strain and also that the bowels 
be kept from becoming blocked. In severe cases where there is an at- 
tendant and all conveniences, the patient should not be allowed out of 
bed, or even to sit up to attend to the wants of nature. In less severe 
cases there is often less strain in using a commode than in trying to 
use a bed-pan. 

Other substances which have been used for increasing coagulability 
are horse serum and the various preparations of this put up by phar- 
maceutical houses. These all possess a certain element of danger be- 
cause of their tendency to cause serum sickness and anaphylaxis, and 
it is doubtful if they are of sufficient benefit to warrant their use. 
Gelatin has been given per oram and subcutaneously for the same pur- 
pose as serum, but gum acacia intravenously is preferrable. Finally, 
in repeated severe hemorrhages, recourse may be had to artificial pneu- 
mothorax, introducing a large amount of gas at the first injection. Re- 
sults in some cases have been very gratifying, in others much less so. 

In conelusion, it ean be said that while we do not know of anything 
that will certainly arrest a hemorrhage from the lungs, there is much 
that can be done to assist nature in controlling the bleeding. Recog- 
nizing the indications for treatment, we must do what is most suitable 
for the individual and not carry out to a set routine for every case. In 
many cases we congratulate ourselves that it 1s our treatment which has 
arrested the bleeding, but in using exactly the same methods in other 
cases no results are obtained. In the last analysis it is nature which 
closes the bleeding point, and our efforts are only contributory. 

Diet Following Hemoptysis—This will depend upon the amount of 
blood lost and the temperature of the patient on the succeeding days. If 
the hemorrhage be slight with no resultant fever, one may interdict only 
tea, coffee, cocoa, and soup. If it be moderate in amount and accom- 
panied by fever, the diet should be dry, light, easily digested and served 
in small meals. There is no scientific or chemical proof that any form 
of food is harmful in hemorrhage. For the first few days following 
moderate hemoptysis with fever, milk, eggnogs, albumen water, gelatin, 
soft boiled eggs, cereals, gruels, custards etc. are suitable but if no fever 
is present one may allow anything but stimulants and hot drinks. In 
severe hemoptysis, the patient should be fed by the nurse and very little 
fluids allowed. The return to full diet should be made as quickly as is 
compatible with the condition of the patient. 

During convalescence from a hemorrhage the patient should be kept 
in bed for five, or better, seven days after the sputum has become entirely 
clear and free from blood. After this the return to the previous routine 
must be gradual. No exercise should be permitted for a week or longer 
after leaving the bed. In cases of recurring hemoptyses the patient 
should be advised to avoid all strenuous work, physical and mental. In 
women where hemoptysis has occurred at several menstrual periods it 


518 PULMONARY TUBERCULOSIS 


is wise to advise bed rest for several days preceding the period or if 
severe to consider producing a temporary menopause by X-rays. 

DyspNnEA.—Dyspnea occasionally calls for treatment as an isolated 
symptom, and it is usually in combination with cardiac weakness in the 
late stages that it becomes distressing. At this time cardiac stimulants 
—strychnin, digitalis, caffein, camphor, ammonia and occasionally al- 
cohol, particularly in the form of champagne—are indicated. Oxyphor 
(oxy-camphor) in doses of ten drops on sugar every four hours is at 
times most helpful. Inhalations of oxygen give great subjective re- 
lief, but are seldom of permanent benefit. An abundance of fresh air 
is grateful, and the relief is often most marked if this is kept in mo- 
tion by electric fans or other contrivances. When these methods all 
fail there is nothing that gives as great comfort as a hypodermic injec- 
tion of morphin. Inhalations of chloroform sometimes relieve the pa- 
tient when nothing else will. 

Frver.—Fever is frequently an indication that the disease is active 
or that some complication is present. Rational treatment demands 
accurate diagnosis of the cause. It must be remembered that a person 
with tuberculosis is subject to febrile attacks from causes other than 
the primary disease in the same way as is another person who has 
no tuberculosis. Coryza, tonsillitis, stomach disturbances, appendicitis, 
and so on, may occur, producing a rise in temperature; and it is wrong 
to act on the theory that all fever in a tuberculous patient is caused 
by this disease. 

Having decided that the rise in temperature is due to active tuber- 
culosis, bed rest is imperative. This tends to arrest the activity and, 
with this, the fever often subsides. The more absolute the rest the more 
rapidly the fever will subside. Fresh air is all-important and if it can 
be managed it is well to have the bed on an open porch. The mental 
effect is marked and the patient seems to be getting more treatment. 
A change of climate often serves as the necessary stimulus to bring 
down the temperature. When the fever has been high for several 
months the treatment of these patients is often difficult as they become 
despondent, and usually lose strength and weight. In such cases 
the condition is most discouraging to all parties. Perseverance in 
rest, encouragement and common sense are often the only aids we can 
offer these patients. When the fever is slight but persistent and 
shows no tendency to become lower in spite of ordinary routine, and 
after intestinal tuberculosis has been excluded, it is sometimes advis- 
able to allow the patient to get up for a short time each day and make 
a change from the bed to a reclining chair. Febrile patients should 
be sponged with warm or tepid water several times a week and have 
their backs rubbed with alcohol daily to keep the skin in good condi- 
tion. Cold baths or sponges—as used in typhoid—are not indicated, 
for they are likely to fatigue, to chill, and do no permanent good. 

Antipyretic drugs are seldom advisable. As the fever in tuber- 
culosis may produce the same symptoms as fever from other causes 
and as the patients are usually not perfectly comfortable, there is some 
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eall for drugs to lower the temperature. Antipyretics are, however, 
often depressant and may cause profuse sweating. If in special cases 
it seems best to use drugs, aspirin, and pyramidon with or without 
caffein are the best. They are best given in small doses, e.g., 244 
grains of aspirin or 2 grains of pyramidon at 10 and 11:30 A. M. If 
they render the patient more comfortable or enable him to eat better 
they may be continued over long periods. Sodium salicylate and 
quinin are occasionally beneficial. Guaiacol, painted on the skin, has 
been recommended. Unless there is contra-indication, water should 
be freely given; two quarts a day may be taken between meals. If 
water alone is distasteful, the addition of fruit juices, grape, orange, 
lemon, etc., will make it more palatable. Diuresis is produced and 
a flushing out of the system takes place. 

Night Sweats.—These sweats must be looked upon merely as a 
symptom, and treatment directed to the disease which causes them. 
All that is necessary In many cases is to put the patient at rest with 
plenty of fresh air. Fresh air is especially necessary at night, at 
which time the sweating is most common. The bedding should not be 
too heavy, as excessive warmth may initiate sweating; but neither 
should it be so light that there will be danger of chilling. If possible, 
the patient should be dried after a sweat and rubbed with alcohol, 
care being taken to avoid chilling. The night clothes and bed clothes 
should then be replaced by fresh ones which have been warmed. When 
the sweats occur in the early stages of the disease treatment is usually 
not necessary, and the symptoms will disappear with general regulation 
of the patient’s life. Iv is, however, in the later stages that the sweats 
become severe and more frequent, and then the patient is rapidly worn 
out by this drain on his strength. Bathing the body in the evening 
with alcohol and water, or vinegar and water in equal parts, often pre- 
vents sweating. Should this and general treatment fail, recourse must 
be had to drugs, of which atropin (gr. 1/100 or 1-120). taken just be- 
fore settling down for the night, is the best. Aromatic sulphuric acid, 
taken regularly, is sometimes of benefit. Agaricin has been recom- 
mended, but is likely to upset the stomach. Camphoric acid and pi- 
crotoxin are sometimes of use. Occasionally a little brandy or whiskey 
or some light nourishment just before retiring will preveyt this un- 
pleasant symptom. 

PAIN IN THE CHEST.—Pain in the chest frequently causes the patient 
much worry, but is not often really sufficient to demand treatment. 
Counter-irritation with iodin or mustard preparations or the applica- 
tion of some of the various ointments put up as analgesics, containing 
menthol and oil of wintergreen, usually suffice to give relief. The ap- 
plication of heat and sometimes of cold (an ice bag) are valuable aids. 
Analgesic drugs—phenacetin, aspirin, the salicylates or pyramidon— 
are at times indicated. If the pain is severe it may be necessary to use 
an opiate. When pleurisy is present in addition to the above meas- 
ures, we have to consider immobilization of the chest by adhesive 
plaster strapping. Dry cupping and the actual cautery may be used. 
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DigEsTIVE DIsTURBANCES.—These are not peculiar to pulmonary tu- 
berculosis, and demand treatment along the same general lines as though 
caused by other conditions. A great many of these disturbances, ano- 
rexia, flatulence, acid eructations, constipation and diarrhea, are pro- 
duced by the tendency to overfeed the patient. At the present time 
this must be combated by education, both of the physician and of the 
patient. There is a deep-rooted belief that unless a patient stuffs, a 
gain in weight is impossible. A great many of the more common dis- 
turbances of digestion can be cured by simply reducing the diet to a 
rational amount. The regulation of the patient’s life with consequent 
lessened absorption from the lungs and reduction of the fever is also 
important in the treatment of derangements of stomach and intestines. 
If the appetite is still poor the stomachie bitters—nux vomica, gentian, 
cinchona, cardamoms etc.—are indicated. For gastric acidity the al- 
kalis—soda bicarbonate, magnesia, bismuth, etc.—are of assistance. 
For flatulence, salol, charcoal, iodin, and regulation of diet are useful. 

DIARRHEA AND CoNSTIPATION.—These conditions are to be treated in 
the usual ways, always remembering that either of these conditions 
may be due to an intestinal ulceration. Care with the diet, both as to 
quantity and quality, is the main therapeutic necessity. 

It must always be borne in mind that the majority of all these symp- 
toms in the more advanced cases are due to intestinal tuberculosis for 
which treatment should be instituted at once. 

INsoMNIA.—This is not uncommon among tuberculosis patients and 
is due to a variety of causes. A comfortable bed with bed clothes suit- 
able for the season and climate are essential. Fresh air induces sleep, 
but care should be taken that this is not so cold as to keep the patient 
awake. Some patients, who are not accustomed to sleeping out of doors, 
are kept awake at first by the novelty of the surroundings. The bright 
light early in the morning is the cause of early awakening, and this 
can be remedied by the use of shades or by covering the eves. Cough 
and night sweats may be causes of insomnia, which will disappear 
when the cause is remedied. In this symptom, as with others, we must 
find out the cause before trving to treat the symptoms. In many 
cases, however, no cause can be found and the fact remains that the 
patient cannot sleep. A tepid or warm sponging, an alcohol rub, fresh- 
ening of the bed., etc., may aid. In other cases some light nourishment 
——as a cup of cocoa, a sandwich or some crackers—taken just before 
settling down, will relieve the sleeplessness. When all other methods 
fail we must use drugs, but always with caution as a habit is easily 
formed. The simpler hypnotics—sulphonal, trional, veronal, luminal, 
allonal, medinal, dial, ete—should first be tried. Then come the bro- 
mids, and after these chloral; opiates are rarely necessary or justifiable. 

Hydrotherapy.—Hydrotherapy has found little place in the treat- 
ment of tuberculosis. A warm bath should be taken at least once a 
week for purposes of cleanliness, as there is a tendency to increased 
perspiration. This is best taken just before retiring. If the patients are 
confined to bed they should be bathed every day or every second day. 


Practice of Medicine—Tice. 


#* These new pages 361—568b take the place of the old pages 361-568 


, Vol. II. Take out the old, insert the new. 


TREATMENT 521 


For up-patients the tonic effects of a cold bath in the morning are excel- 
lent ; but this should only be practiced in a warm room and by patients 
who have a good reaction afterward. If the patient feels cold or there is 
cyanosis of lips and hands the cold bath will do more harm than good. 
Such patients can often stand a cold sponging of neck and chest when 
they cannot take a cold bath. In advising our patients about bathing, 
account must be taken of their individual conditions, the condition of 
the heart and the tendency to hemoptysis being important considerations. 

Mechanotherapy.—The only method which deserves mention, and 
that only as ‘being of historical interest, is the use of Kuhn’s suction 
mask, This is intended to cause a hyperemia of the lungs, and the 
theory is that of passive congestion acting antagonistically to infection. 
Quite apart from the danger of causing hemoptysis, the use of the mask 
has not been beneficial. 

Heliotherapy.—(a) Rollier’s work at Leysin with sunlight treatment 
has directed the attention of the tuberculosis experts to this form of 
treatment. Rollier uses the open air life with complete sunbaths over 
the entire body surface, with coincident local and general treatment, and 
has had excellent results, especially in bone and joint, glandular and 
peritoneal tuberculosis and lupus, but little experience with the lungs. 
Sunlight has direct and indirect actions on the body. The infra-red 
rays, especially those near the reds, are bactericidal, and, by means of 
their long wave lengths, can penetrate into the body. The violet and 
ultra-violet short rays are absorbed by the skin and its capillaries, and 
cause pigmentation and erythema. These radiations lead to a reten- 
tion of lime and phosphate in the body, increase hemoglobin, hasten in- 
tracellular oxidation and reduction, and alter the metabolism. The skin, 
the importance of which as an organ we are just beginning to realize, is 
improved in all its functions and the muscles are made firmer. No one 
should apply the sunlight treatment to a tuberculous patient without 
following Rollier’s careful technic. He begins by exposing only the 
feet and gradually uncovers @he body, increasing the dosage ‘‘drop by 
drop.’’ The treatments are usually given, in the Alps, in the early 
morning, and the head is always covered. The maximum exposure may 
be several hours a day. lLaGrasso applies the treatment at mid-day in 
the spring and fall, and cautions against exposure to breezes. The 
radiations should not be given during one hour before meals and two 
hours afterwards. Rollier claims to obtain good results in the treatment 
of pulmonary tuberculosis by sunlight, and LaGrasso says that 78 per 
cent. of his adult and 18 per cent. Of his children patients treated for 
extrapulmonary tuberculosis had clinical tuberculosis of the lungs, and 
that the results in these cases warrant the use of sunlight in pulmonary 
tuberculosis. Its use demands very great care. The mercury-quartz 
light and the carbon are lamps have been used as substitutes for sunlight, 
and in certain conditions in preference to the latter. The quartz lamp 
radiation is rich in ultra-violet rays and the carbon are lamp approaches 
sunlight in its spectrum. It has been said that the most important effect 
of the ultra-violet ray therapy is to increase metabolism, but there can 
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be no doubt that many cases of intestinal tuberculosis heal under its 
action. The authors prescribe this lamp for most of the tuberculous 
complications of their patients, and are impressed with its usefulness. 
General radiations are used, following an altered Rollier technique for 
sunlight. 

The ultra-violet ray treatment of pulmonary tuberculosis has been 
suggested by its extensive use in the various tuberculous complications 
of the disease. In our experience we have yet to see evidence that 
would convince us that such treatment produces any favorable or un- 
favorable influence upon the pulmonary disease in uncomplicated cases. 
Certain advanced cases do improve under it, but these are most likely 
to have some complication. Early cases rarely show any marked, or 
indeed, any ascertainable change. This same is true of natural helio- 
therapy. A few patients apparently cannot take heliotherapy. 

Many forms of electrical treatment have been advocated from time 
to time, but pass rather rapidly into the discard. 

Organotherapy.—Extracts of various organs, lungs, lymphatics, 
glands, muscles and blood-cells—both tuberculous and normal—have 
been used in the treatment of pulmonary tuberculosis, but without 
results sufficiently definite or beneficial to justify their recommendation. 
From a practical point of view these attempts to alter the course of the 
disease may be said to have failed. 

Psychotherapy.—In tuberculosis, as in other chronic diseases with 
a periodic development, with phases of improvement alternating with 
periods of exacerbation, the psychotherapeutists have found a most 
favorable soil in which to plant their doctrines. While the influence of 
the mind on the body cannot be denied, to rely wholly upon mental 
therapy is a most illogical method and one which has produced lament- 
able results. Much can be done to relieve the monotony of a patient’s life 
by getting his mind into a condition of optimism and reconciliation to 
his life of idleness, and in few diseases does the personality of the physi- 
cian react upon his patients more than in pulmonary tuberculosis. To 
gain the sympathetic cooperation of the patient, to cheer him when 
everything seems to be going wrong, to encourage him when his illness 
drags, and to share his Joy when improvement begins are the privilege 
of the physician treating tuberculosis. The physician must have the con- 
fidence of the patient, and only in this way can he straighten out mental 
difficulties which may be interfering with recovery. Rise in temperature 
is frequently produced in tuberculous persons by emotional causes and 
can only be explained and treated by getting at the root and removing 
it. Patients differ greatly in their mental attitude; some are rebellious, 
some optimistic, some pessimistic and other phlegmatic. All these 
have to be handled differently. The physician need not deceive the pa- 
tient as to his disease or as to the prognosis, but oftentimes the truth 
must be tempered to suit the individual. Although it is wrong to raise 
false hopes, it is often equally inadvisable to dash hopes to the ground. 
A patient must be told that his disease, however early, is a serious con- 
dition; but if he is told at the outset that he cannot get well he will 
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often give up and then will not try. We must remember that a con- 
tented mind is almost equally as important as a rested body. The 
teaching of the Latins, ‘‘Mens sana in corpore sano,”’ finds its appli- 
cation in tuberculotherapy as in health. The mental occupation of the 
patient—reading, writing, the playing of games, easy occupations, com- 
panions and conversation—all play an important part in the routine 
of his life and must be as carefully regulated as is his rest and exercise. 
One with a hobby or with a studious turn of mind will not feel that all 
the time spent in quest of health has been lost. 

The tuberculous patient is very susceptible to suggestion. This is 
frequently seen in the beneficial results following change of surround- 
ings or the use of some innocuous remedy. These results are only tem- 
porary, but sometimes give them a start which, if followed up, may lead 
to more permanent improvement. It is not uncommon to find tem- 
porary improvement following a change in physicians. merely because 
the patient has become dissatisfied with one and has more confidence 
in another, although their methods are similar and the second choice 
is no more skillful than the first. Some of the benefits of change in 
climate, of special treatments, etc., are certainly due to the mental 
attitude of the patient. 

Roentgenotherapy.—The X-ray treatment of pulmonary tubercu- 
losis has been much exploited in some sources. These rays have peen 
shown to affect the lymphatic tissues, and claims have been made by 
Morton that animals subjected to them develop tuberculosis more rapidly 
than controls, but we have been unable to verify it. Laboratory animals 
have often been subjected to X-ray treatment. The most important 
work is probably that of Kiiperfe and Bacmeister who obtained more 
fibrosis in the treated animals, but as Schroeder, who could not confirm 
this work, pointed out, they injected rabbits with human tubercle bacill1, 
to which they are normally very resistant. Manoukine, basing his work 
on the claim that X-raying the spleen produced substances that in turn 
bygke down the leucocytes, freeing substances useful in infections, treated 
monkeys and guinea pigs with somewhat favorable results, Petersen 
and Saelbeff confirmed this in part. Whipple and his co-workers 
showed the great danger from the effect of large doses on the small 
intestines. The experimental evidence can be summed up by saying that 
the treatment may be injurious, and little evidence has been produced to 
show its value. In this respect it resembles tuberculin treatment. 

In man the results have not been highly satisfactory. Small doses 
are said to be without effect, and large doses may injure. Many pa- 
tients have been treated, but the results, even in the proliferative cases, 
to which many confine this treatment, are not striking or convincing. 
Bachheister, Kiipferle, M. Fraenkel report favorable results, Schroeder, 
no results. Manoukine reported wonderful results in 8,000 patients 
treated in Russia, and excellent results in a dispensary in Paris, but he 
and his associates lost their position in the dispensary as their claims 
could not be substantiated and they were exploiting their treatment. In 
this country one or two men also have made extravagant claims that could 
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not be upheld. Others have followed a more scientific method, and 
counted the blood cells after each dose, but their results were no better 
than with other forms of treatment. 

In conclusion it may be said that patients who are improving may 
be helped, while those who are failing may be injured. The time has 
not yet come when X-ray treatment of pulmonary tuberculosis can be 
recommended. 

Radium.—Radium has been tried, to a small extent, in the treat- 
ment of pulmonary tuberculosis but the results, experimental and clini- 
cal, have not been such as to justify the continuance of its use. 

Specific Therapy.—TuBERCULIN TREATMENT.—Since its introduction 
by Koch as a therapeutic agent, tuberculin has passed through various 
phases of popularity and disuse. It was acclaimed, at the outset, as 
being the great cure for which mankind waited. Used at that time 
in enormous doses to produce general reactions, it was soon found that 
many of the treated patients developed acute disease and even died, 
following the treatment. This led to a swing of the pendulum away 
from tuberculin and for a decade it was little used. Some workers, 
however, recognized that in tubereulin we had a remedial agent of value, 
if only the harmful effects could be eliminated, and to this end numer- 
ous modifications were suggested which it was hoped would retain all 
the good and do away with the dangers of the original substance. It 
was found that if the reactive properties of the tuberclin were elimi- 
nated the beneficial substances were also destroyed. From about 1900 
to 1910 was the era of small dosage, the attempt being made to pre- 
vent any suggestion of reaction. During these years tuberculin was 
largely used and the majority of patients in the health resorts and 
sanatoria of this country were treated by this ‘‘reactionless’’ method. 
Reports of the results, immediate and late, then came in, and observers 
began to question whether the treated patients on the whole did better 
than the untreated, and whether the patients who had received tubercu- 
lin would not have done equally as well without it. Another period 
of disbelief followed, and at present only a small proportion of physicians 
treating tuberculosis are strong advocates in its favor. 

What is the reason for this swing of opinion from enthusiasm to 
distrust, and from doubt back to advocacy? The answer is that the 
majority of workers do not stop to consider what tuberculin does, how 
it acts, and what can be legitimately expected to result from its use. 
They have blindly followed a routine treatment for all patients irre- 
spective of individual peculiarities, and have expected that the results 
in one case should be duplicated in all, neglecting the fact that tuber- 
culosis of the lungs is a disease of infinite varieties—pathologically and 
elinically—and that the dosage which is beneficial for one patient is 
harmful for another. Even in the individual patient all the pulmonary 
tuberculosis is not in the same stage of evolution. New tubercles are 
being continually formed, and older ones are breaking down or fibrosing, 
so that even in the same individual a given dose of tuberculin will 
affect different areas of his disease in different ways. Add to this fact 
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the difficulty of correctly interpreting the effects of a dose—for which 
we have as a guide only the subjective symptoms of the patient, which 
are notoriously misleading—and it is easy to understand that we cannot 
have a definite and scientific standard for treatment. Success or failure 
must rest upon the skill and experience of the physician and upon the 
closest codperation between physician and patient. As has been stated 
in the description of the nature of tuberculin (page 4384), it does not 
produce an immunity to tuberculosis, nor does it produce any antibodies 
in the serum which are inhibitory to the growth of the tubercle bacillus 
or to the development of tuberculosis in the tissues. Tuberculin can- 
not therefore have a serological effect in curing tuberculosis. It is 
known that tuberculin produces a definite inflammatory effect in and 
around the tubercles, when given in sufficient doses. This is seen in 
animals killed during a tuberculin reaction when the foci of disease 
are found to be hyperemic and inflamed. It can also be demonstrated 
clinically in patients with superficial tuberculous lesions, as in the 
larynx, the conjunctiva or the skin. Marked benefit has been observed 
to follow these focal reactions if the dose has not been too large, and 
this seems to be the basis of tuberculin therapy. To produce small 
focal reactions which are enough to cause a localized inflammation. but 
not so great as to cause a spread of the disease, should he the aim of 
tuberculin treatment. It must he recognized and admitted that this 
method is not without dangers, especially when administered by those 
who have come to the conclusion that without such focal reactions 
tuberculin is practically worthless in therapy. In dealing with super- 
ficial tuberculosis which we can watch directly, the problem is com- 
paratively simple; but in pulmonarv tuberculosis where our methods of 
observation are coarse at best and where all stages of tubercle—from re- 
cent cellular to older fibrous, or caseous changes—exist in the same per- 
son, the prohlem is much more difficult. A dose which will benefit the 
more recent foci will not affect the more fibrous ones, while a dose suff- 
ciently large to influence the firmer tubercles will over-react and damage 
the soft and cellular tubercles. 

Not all patients are suitable for treatment. Acute and febrile cases 
are rarely subjects for tuberculin. Cases of more or less chronic dis- 
ease who have arrived at a stage of semi-arrest, but still have cough and 
expectoration, who are in good general condition, but still unfitted to 
return to home surroundings and work, who cannot seem to get beyond 
the stage at which they have arrived, but for whom the routine treatment 
—hygienic and rest and exercise—seems to have no further benefits, are 
the most suitable. Cases with chronic quiescent disease in the lungs. 
but with marked laryngeal involvement, often do wonderfully well with 
tuberculin. 

Any form of tuberculin may be used, but the most commonly em- 
ployed are old tuberculin, bouillon filtrée and bacillen-emulsion. These 
all act in practically the same manner, and the selection of which one 
to use is largely a matter of personal preference. It is always wisest 
to begin with a small dose (.000,000,1 or .000,001 cc., fluid measure). 
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If this is well tolerated the dose can be increased by approximately 
doubling the amount every three or four days until some effect is pro- 
duced. The first effect is usually tenderness and swelling at the point 
of inoculation. If this occurs, another dose should not be given until 
the symptoms have entirely disappeared, which usually takes about a 
week. The next injection should then be the same as the one which 
produced the symptoms. No results following this, increases must be 
made more cautiously, very careful observations being made for symp- 
toms referable to the focus. When these appear—particularly if there 
is a rise in temperature—bed rest is imperative until all symptoms 
have entirely subsided, and no further injections should be given for 
ten days or two weeks, when the former dose must be repeated. In 
this way the reacting dosage for the particular patient is estimated 
and this dose is continued until it fails to produce any symptoms, when 
it may be slightly increased. It may be argued that this is an indefinite 
and erratic system, but as has been shown, no definite scheme of dosage 
can be applied to all patients; and if we expect results we must treat 
ondividuals. This method, however, is not free from danger, and should 
be used only by those experienced in the use of tuberculin. The period 
of time during which tuberculin should be given is indefinite, and varies 
with the patient. It is usually necessary to give tuberculin for several 
months if we wish to obtain permanent results. From the standpoint of 
the patient it is advisable to refrain from exercise for twenty-four hours 
after each dose, so that, should a reaction occur, no damage will be done 
by such exercise. If a reaction does occur bed rest, until the symptoms 
disappear, 1s essential. The temperature should be taken every two 
hours, for twenty-four hours, to be sure that slight reactions will not 
pass unnoticed. 

The generally accepted method of administering tuberculin is to be- 
gin with a dose of .000,000,1 ¢.c. of the variety chosen and to increase 
this as regularly as possible every three or four days. The second 
dose is usually .000,000,15 e¢.c. the third, .000,000,22; the fourth, 
.000.000,32 ; the fifth, .000,000,47 ; the sixth, .000,000,68, and the seventh, 
000,001. After this the next stronger dilution is used and the same 
relative increase in strength made at each subsequent injection. When 
a strength of .000,1 is reached the increases may be, but are not neces- 
sarily, lessened each time and often the interval between doses is 
lengthened. If any symptoms of reaction occur the dose following is of 
about one-half the strength of that which caused the reaction, and the 
quantity is increased very gradually until the reacting dose is passed, 
the endeavor being to prevent all reactions. Sir A. E. Wright at one 
time controlled the use of tuberculin by estimating its effect on the op- 
sonic index, but this method has never come into general use, owing to 
the labor incident on these determinations, to the inaccuracy of the esti- 
mations and the chances of error, and also to the fact that no more exact 
results were obtained than could be derived from clinical data. 

In conclusion, it may be said that in a small percentage of cases of 
pulmonary tuberculosis, possibly in 2 per cent., tuberculin treat- 
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ment is of great benefit; that it is not without danger when carelessly 
employed ; but that this danger is reduced to a minimum when under- 
stood and guarded against; that tuberculin should not be used by any 
one who does not know its nature and action; and that to obtain results 
we must intelligently understand what is the aim of this treatment, how 
this can be accomplished, and its limitations. Only in this way will 
tuberculin find its true place in the therapy of pulmonary tuberculosis. 

VACCINES.—F'riedmann’s Vaccine.—A few years ago the whole coun- 
try was set in an uproar by the widely advertised reports of a vaccine 
made from bacilli recovered from turtles, and its curative effects for 
human tuberculosis. Many patients submitted to inoculations with this 
vaccine, but the late results in the patients thus treated have been 
shown by Barnes and by Anderson to have been absolutely nil as regards 
cure. Many patients developed abscesses at the point of inoculation, 
and a considerable number date the beginning of their downward prog- 
ress from the time of their treatment. 

Spahlinger, of Geneva has obtained by methods known only to him- 
self, vaccines and sera which some claim are most beneficial in the treat- 
ment of even far advanced cases. Glowing reports have been published 
of the results. Many have made trips to his laboratory, where every- 
one has been impressed by his experimental ingenuity. Large sums 
have been promised him, but for several years little has come out of his 
laboratory. His honesty has not been impugned and the most charitable 
view is that he is unable to repeat his first work. The serum is used 
for acute and severe cases, the vaccine for early or chronic pulmonary 
tuberculosis, but the supply is very limited, and men of international 
repute have yet to have an opportunity of testing its value. Its worth 
today stands unproved. 

Dreyer in 1923 announced a diaplyte vaccine produced by treating 
killed tuberculosis bacilli with formalin and acetone. His work was 
based on weak experimental evidence, and any claims made for it in 
regard to favorable results In man have now been given up. A sus- 
picion exists in some quarters that Dreyer’s hand was forced to bring 
out a treatment that would turn public attention from the Spahlinger 
‘‘cure.’’ It will be recalled that rumor has it that the German Emperor 
forced Koch to publish his results about tuberculin before he was ready 
to do so. 

Vaccines fur Secondary Organisms.—These have been tried in many 
cases of disease in which the effects of mixed infection were considered 
to play an important part. Their special indication has been a very 
profuse expectoration. The reported results have been very contra- 
dictory, some workers claiming to have achieved notable success, while 
others have considered them to be of no use. 

The chief difficulty in deciding as to the theoretical grounds for 
their use is the question as to what part secondary bacteria play in 
the symptomatology of pulmonary tuberculosis. We know that the 
tubercle bacilli alone can produce all the symptoms found in an un- 
complicated case—even cavity formation, which has been considered as 
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being caused by secondary pyogenic organisms. It is also known that 
many cavities contain the tubercle bacillus alone, as proved by aufopsy, 
even when the sputum contains many other organisms. It has been 
found, further, that carefully washed sputum rarely contains other 
bacteria than tubercle bacilli, and even if other organisms are found in 
the sputum from the lungs this is not proof that these bacteria play any 
part in the pathogenesis of the clinical picture of pulmonary tubercu- 
losis. While it is not justifiable to deny the possibilities of a mixed 
infection, this is certainly much less important than has been taught. 
If then other organisms play only a small part in pulmonary tuber- 
culosis, we cannot expect much benefit from the use of vaccines made 
from these bacteria. 

Before using a vaccine we should be sure that the organism comes 
from the lungs and that it probably has an etiological relationship to 
the symptom which we are to treat by the vaccine. To make a smear 
or plate from unwashed sputum and then make a shot-gun vaccine from 
a combination of the various bacterial colonies is absolutely unscien- 
tific and can accomplish no good. If a vaccine is to be made the sputum 
must be carefully washed and the bacteria found in the center of masses 
which come from the lungs cultivated and used for this purpose. The 
opsonic index of the patient’s serum has been used as a test to ascertain 
whether a special bacterium is producing symptoms or not; but this 
is unreliable. In estimating the results of vaccines in tuberculosis, we 
must take into consideration the possibility of any resulting benefit being 
due to a non-specific protein reaction. Vaccines from secondary organ- 
isms are not now largely used and the results which ean be legitimately 
expected are not promising. 

SERUMS.—Following the brilliant results of the use of antitoxic sera 
in diphtheria, it was naturally hoped that similar results could be ob- 
tained from serotherapy for tuberculosis. The sera of various animals, 
supposed to have been immunized against tuberculosis, have been tried. 
The best known of these are Marmorek’s and Maragliano’s sera. The 
results have not been gratifying or promising and severe reactions have 
followed their use. The danger of anaphylactic reaction is greater than 
in some acute infections, as the treatment for tuberculosis extends over 
along period. Examination of the sera by various workers has shown 
that they do not contain antitoxie substances. The most recent modifi- 
cation of serotherapy is the use of serum obtained from the patient him- 
self, which is injected subcutaneously. This has been called autosero- 
therapy. The serum is usually obtained from a pleural effusion. Good 
results have been claimed, but the rationale of these are difficult to 
understand, and the results are not sufficiently controlled to justify the 
claims made. Autohemotherapy, or the subcutaneous injection of the pa- 
tient’s own blood, as well as the blood of others has also been recom- 
mended but, up to the present, without sufficient proof. Until it can 
be shown that the serum of tuberculous animals contains antibodies which 
have an immunizing action—and this has not been proved—little can 
be expected from the therapeutic use of so-called ‘‘immune sera.’’ 
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Medicinal Treatment.—The enormous number of drugs which have 
been recommended and used for the treatment of tuberculosis proves that 
we have no real specific of this nature. Lewis and Lydia De Witt, in 
this country, are still working along scientific lines to find some sub- 
stance which will have a specific effect on the tubercle itself. Although 
they have devoted years to this study, up to the present their work 
has been mainly destructive, in that they have only been able to prove 
the uselessness of a large number of substances. Such work is the only 
way in which it can be hoped to solve the problem of chemotherapy. 
Clinical experience is always fallacious and cannot be controlled. Many 
of the claims in favor of the use of antiseptics in treatment have been 
made on the strength. of experiments as to the effect of various sub- 
stances in killing or lowering the vitality of the tubercle bacillus in 
vitro; but these experiments are not applicable to clinical work, as sub- 
stances of sufficient strength and concentration to injure the bacillus in 
the body would probably kill also the cells in the neighborhood of the 
bacillus. In order to justify a claim for specificity some substance 
would have to be found which either has a selective action for the 
bacillus or which will increase the defensive reaction of the body against 
the bacillus. Neither of these requirements has yet been fulfilled. 

Among the various substances used and recommended for treat- 
ment, creosote and its derivatives are the best known and most gen- 
erally used. This drug has an action on the bronchial secretion and will, 
at times, produce a noticeable diminution in the amount of sputum. 
It also has a stimulating effect on digestion in small doses, but is quite 
without effect in healing the tubercle. Of the derivatives of creosote, 
the best known are guaiacol, guaiacol carbonate (duotal), creosote car- 
bonate (creosotal), pulmoform (guaiacol and formaldehyd), pneumin 
(creosote formaldehyd), guaiacose, thiocol, etc. Arsenic is a general 
tonic in wasting diseases and anemia, but has no specific effect in tuber- 
culosis. It often aids in building up an afebrile, quiescent case. It 
has been used in the various pharmacopoeial preparations of cacodylic 
acid, sodium cacodylate, atoxyl, and in various combinations with iron. 
Iodin and its preparations, especially iodoform and iodipin, have been 
claimed to produce a lymphocytosis, and thus increase immunity. 

Tincture of iodin in rather large doses has been recommended but 
has not proved of any marked benefit. Dioradin, or radio-active iodo- 
menthol, was extensively written about a few years ago but is of no 
help. Potassium iodid and hydriodic acid may at times aid the cough. 

Alcohol, on account of its stimulating effects, has long been believed 
to produce favorable results in tuberculosis. It can be categorically 
stated that a patient with tuberculosis is much better off without alcohol 
in any form; by some the use of alcohol is considered as one of the chief 
predisposing factors in the development of tuberculosis. Many of the 
fake cures depend upon their alcohol content for their claim and much 
harm has been caused by their exploitation. Although alcohol in mod- 
erate doses may be of some benefit in cases of anorexia and deficient 
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gastric secretion, and is potentially a food, the same if not better results 
can be produced in nearly every case by other less dangerous drugs. 

Ichthyol, ichthoform and ichthalbin have been used, but without 
justification. Methylene blue, alone and in combination with various 
antiseptics, copper and the copper salts—including cyanocuprol—gold 
in various combinations—particularly gold and cantharides—have been 
thoroughly investigated and found wanting in therapeutic effects. 
Colloidal preparations of copper, gold and silver given subcutaneously 
or intravenously have had their advocates, their utility being supposedly 
comparable to the effects produced in septic infections. Some of these 
drugs undoubtedly produce a focal inflammatory reaction around the 
diseased areas and may in this way have an action comparable to 
tuberculin. The general reactions which sometimes follow their use 
would tend to confirm this statement; but if this inflammatory action is 
produced it constitutes a source of danger as well as of possible benefit, 
and such agents should only be employed if as great care in selection 
of patients and dosage is used as is described for tuberculin therapy. 

Acting on the demineralization theory, that the bodies of tuberculous 
patients are deficient in calcium and that this is necessary for the heal- 
ing of tuberculous foci, this element has been largely used in treat- 
ment. It has been given as one of the salts of calcium, especially the 
lactate in the patented preparations, tricalein and ealcicur, and also by 
inhalation from a blower, as a fine impalpable powder. There is no evi- 
dence to show that the blood serum is ever deficient in calcium in pul- 
monary tuberculosis, but this is no proof that an additional supply of 
calcium may not be needed for the body. The bones contain several 
thousand times the amount of calcium found in the blood. The deposi- 
tion of calcium in necrotic tissue depends upon certain factors difficult 
to control. However, even though all evidence points to an abundance 
of calcium salts in the body, and even though large quantities are 
supplied in the milk, it is harmless at least to give 15 to 30 grains of 
calcium lactate a day over considerable periods of time, and some experi- 
ments have suggested that it might be helpful. 

Urea has been recommended in treatment, on the assumption of an 
antagonism between gout and tuberculosis. A popular, though disgust- 
ing, modification of this theory is the drinking of urine from healthy 
children or animals. 

Cod-liver oil has for years been considered to act favorably on tu- 
berculosis. Its chief, if not its only value, is in supplying the body 
with an increased supply of fat. 

Finally there are a number of drugs which are said to increase 
leukocytosis, and on the supposition that this is beneficial in immunity 
against tuberculosis, these have been used in treatment. Among the 
best known of such drugs are cinnamic acid, nucleic acid and common 
yeast (Saccharomyces cerevisie). Practically, the results are not such 
as to warrant their use in tuberculotherapy. 

From this catalog of drugs it will be seen that many have been tried ; 
and while some are of value in treating symptoms, none have an action 
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in curing the disease, and the majority are capable of doing harm rather 
than good. 

Surgical Treatment.—ArtiriciaL PNeumorHorax.—Although it is 
only within the past two decades that this form of treatment in pulmonary 
tuberculosis has obtained recognition and approval, it is interesting to 
note that in 1821, James Carson recognized its possibilities and proved 
its practicability by animal experimentation. A few years later James 
Houghton and Stokes described cases in which cure had followed 
spontaneous pneumothorax. It was not until the eighties that Forlanini 
proved its usefulness in treatment, although Potain is probably the 
firsi to report a case of its employment. Jn 1884 he replaced the effusion 
in a hydropneumothorax with sterilized air on several occasions, ‘‘une 
methode non usitée jusqu’ici.’’ In 1898, J. B. Murphy reported using 
artificial pneumothorax in five cases. By 1910, several physicians in 
Europe, especially Brauer in Hamburg, von Muralt in Davos, Saugmann 
in Denmark, had had considerable experience with this form of treatment, 
and from that time up to the present it has been in constant use in 
nearly every place and institution where tuberculosis js treated. It 
may now be said that artificial pneumothorax is the greatest advance 
in the therapy of tuberculosis which has been employed in recent vears, 
and its importance is all the greater as it is applicable and lends its 
greatest field in those cases which are past the incipient stages and in 
which the course of the disease is progressive. 

Indications.—As the success of pneumothorax treatment depends very 
largely upon the proper selection of cases, it 1s important to have a 
clear idea of the indications for instituting a collapse of the Jung. The 
percentage of cases which are suitable for treatment is unfortunately 
small and has been estimated at from 3 to 10 per cent. by different 
operators. Probably about 5 per cent. would represent a fair average 
for patients undergoing treatment in sanatoria or by private prac- 
titioners. The typical case is one who has extensive disease in one 
lung with the other lung free or slightly diseased. Just how much 
disease is necessary to justify collapse cannot be definitely stated; but 
as a general rule it may be said that unilateral disease, whether slight 
or extensive, which is progressive or shows no tendency to heal, is 
suitable. It must be remembered that the longer the disease is progres- 
sive, the greater the danger of invading the other lung. With increas- 
ing experience we learn what is the probable outcome of any diseased 
lung; and collapse is often indicated before symptoms become too grave 
to prevent this probable result or, even if the lung shows a tendency 
to heal, to aid nature and hasten cure. The condition of the good lung 
is of greatest importance in deciding for or against pneumothorax. It 
seldom happens, when one lung is sufficiently involved to warrant col- 
lapse, that the other lung is found absolutely free from disease. An 
involvement of the better lung through its upper half, if not acute, does 
not contra-indicate pneumothorax. The non-collapsed lung has to carry 
on the whole respiratory function. It is often true that it is doing so 
largely before pneumothorax is begun, as the diseased lung, by the very 


532 PULMONARY TUBERCULOSIS 


presence of the disease, is incapable of aiding much in respiration; and 
in these cases activity in the worse lung is adding to the strain on the 
better one, which is in reality given less work to do by rendering the 
disease quiescent. All operators have seen slight disease in the fune- 
tioning lung become arrested and signs disappear after collapse of the 
more diseased lung. Disease at the base of the better lung and definitely 
acute disease in any part are considered by many as contra-indications 
to pneumothorax. Dyspnea is usually a contra-indication, but in some 
cases this is toxic and is relieved when the source of the intoxication is 
rendered inactive. Cyanosis is always a contra-indication. 

Among the acute forms of tuberculosis miliary disease is not amenable 
to pneumothorax treatment. The pneumonic form has not as a rule 
shown any benefits from this procedure. The acute bronchopneumonic 
type of tuberculosis often shows marked improvement. The most favor- 
able type is that in which the lung is found filled with coarse, moist 
rales, with or without cavity. Large and uncontrollable hemoptyses, 
when definitely coming from one lung, are often controlled by compres- 
sion. In such cases it is sometimes necessary to use large amounts of 
gas, up to 1,000 c.c., at the initial operation in order to stop the bleeding. 
Some operators have advised and tried bilateral pneumothorax in cases 
of active disease in both lungs; but at best this must be said to be experi- 
mental. As regards intercurrent conditions, asthma and emphysema 
should contra-indicate pneumothorax therapy. Well-marked cardiac 
lesions are also a contra-indication as compression of one lung must 
always, to a certain extent, put a strain on the right side of the heart. 
Nephritis, if at all advanced, should make us careful in recommending 
treatment, unless the nephritis is toxic in origin, In which ease the renal 
condition may be improved. Laryngeal tuberculosis, unless far ad- 
vaneed, should not be a contra-indication; and some early cases have 
been known to heal as the general condition of the patient improved. 
Intestinal tuberculosis should not be considered, in itself, as a definite 
contra-indication. Diabetes is always a grave complication, and patients 
with tuberculosis and diabetes usually offer a poor prognosis. In some 
cases, however, even with a very unfavorable outlook it is justifiable to 
try compression, as this may give increased comfort and prolong life 
even if we do not expect to achieve permanent results. 

At what time to begin treatment must be decided in each particular 
case, according to the circumstances; but the institution of the treat- 
ment 1s much more often delayed too long rather than begun too goon, 
and all operators have had the experience that they much more fre- 
quently regret not having performed pneumothorax than they do having 
recommended it. The economic argument is strongly in favor of begin- 
ning the treatment sooner. 

Results of Treatment Following Artificial Pneumothorax.—The result 
of treatment in favorable cases is a disappearance of symptoms, which 
often occurs with startling suddenness. There is often an increase in 
cough and expectoration with some dyspnea and a rise in temperature 
following the first few fillings; but these are usually temporary. The 
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temperature falls, the pulse becomes slower and more regular, the cough 
and expectoration decrease, and bacilli disappear from the sputum. The 
general symptoms, such as lassitude and poor appetite, being caused by 
an intoxication, disappear. While gain in weight is the rule, some pa- 
tients seem to lose weight for some months, but improve in other ways. 
In short, it may be said that we may expect to find, in a few weeks, 
as a result of pneumothorax treatment, such improvement as would take 
months to develop in a case which progresses favorably under ordinary 
methods of treatment. 

This stage of disappearance of symptoms is followed by what may 
be called clinical recovery, or a stage in which the patient may grad- 
ually resume his work, but in which it is necessary to continue the 
treatment. Just how long it may be necessary to keep the lung com- 
pressed is difficult to decide, but it should be at least two years, and in 
many cases it will have to be continued indefinitely and possibly for life; 
but even if this should be necessary, how much better to undergo the 
inconvenience of the slight operation occasionally and be able to work 
and enjoy life than to live a life of invalidism from chronic disease. It 
must be remembered that an anatomic cure, in the sense of complete and 
permanent fibrosis, does not take place as rapidly as does the ameliora- 
tion of clinical symptoms. 

The anatomic changes which take place in the compressed lung are 
a marked decrease in size; thickening of the pleura; development of 
fibrous tissue; encapsulation of caseous foci; collapse and sometimes 
obliteration of cavities, with thickening of the cavity walls and atelec- 
tasis of the non-diseased portions. These changes will vary in propor- 
tion to the completeness of the collapse and the length of time over 
which compression hag been carried on. Whether there is an altera- 
tion in the healthy lung tissue, a fibrosis caused by the atelectasis, is 
still a matter of dispute; but the amount of reéxpansion possible in 
some previously collapsed lungs would seem to favor the view that there 
is no thickening or fibrosis of healthy tissue. In many cases it is impos- 
sible to expect that there can be much reéxpansion in a lung which has 
been extensively diseased, and the greater the amount of fibrosis the less 
possibility of ultimate reéxpansion. It must not be overlooked that the 
disease may advance in the collapsed lung. 

Technic of Operation.—The operation consists in the introduction of 
a slowly absorbable gas into the pleural cavity, allowing the lung to 
collapse by its own elasticity or by the pressure of the introduced gas. 
Nitrogen was the gas to be used at first, but the work of Webb, Gilbert, 
James and Havens, who analyzed the intrapleural gases at different 
periods after introduction, have shown that air is equally efficacious, 
and at present either nitrogen or filtered ar are used indiscriminately 
by the majority of operators. 

Two methods of operation have been used: (1) the open or incision 
method; and (2) the closed or puncture method. 

(1) Open or Incision Method.-—This was introduced by Brauer and 
consists of incising and separating skin, fascie and intercostal muscles, 
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laying bare the parietal pleura, through which a blunt needle or cannula 
ean be forced without danger of injuring the underlying lung. This 
method has now been practically abandoned as it is more time-consuming, 
requires more assistance and greater preparations, is more dreaded by 
the patients, and presents greater dangers of sepsis and emphysema than 
does the puncture method. It is true that it eliminates the danger of 
puncturing the lung if adhesions are present, but with perfected technic 
and proper care this danger is slight when the puncture method is per- 
formed by experienced operators. 

(2) Closed or Puncture Method.—The closed or puncture method, 
that of Forlanini, is now almost universally used. The site chosen for 
the puncture is largely a matter of individual preference, the back, 
axilla or front of the chest being chosen by different operators and in 
different cases. The operator will, of course, choose an area where signs 
of thickened pleura are least evident. The patient is placed in as com- 
fortable a position as possible and so arranged by bending over a pillow 
that the ribs are spread apart and the chosen intercostal space widened 
as much as possible to facilitate the operation. Thorough anesthesia of 
the skin and deep tissues down to and including the pleura is absolutely 
essential. For this purpose dilute solutions of novocaine are used, the 
tissues being successively infiltrated from the skin to the pleura, time 
being allowed at each step for the anesthetic to act before the needle is 
pushed further. By using care with the anesthesia no pain whatever 
should be felt—a point of the greatest importance if we are to obtain 
the willingness and codperation of the patient to submit to repeated 
introductions of gas which are necessary for the success of the treatment. 
Anesthesia being complete, and the patient cautioned not to move, the 
skin and external intercostal fascia 1s stabbed with a sharp, fine scalpel, 
such as a von Graefe eye knife. This permits the introduction of the 
blunt needle without undue pressure. The needle is then introduced 
through the intercostal muscles. When the pleura is reached increased 
resistance is encountered and more pressure is necessary. Puncture of 
this 1s recognized by the experienced operator by the sharp click, which 
is both heard and felt. For the initial operation a large needle of about 
1.5 mm. bore with a bluntly beveled point should be used, to avoid danger 
of puncturing the lung. Once the gas has been introduced into the 
pleural space and the lung has retracted away from the chest wall, there 
is no further danger of wounding this organ, if ordinary precautions are 
observed ; so that for secondary injections a smaller needle may be used 
with safety and with less discomfort to the patient. The gas should 
never be turned on and allowed to enter the chest until a manometer 
has been connected with the needle and the manometric fluctuations 
noted. Owing to the elasticity of the lung the norma] pleural pressure 
is negative both on inspiration and expiration, the negative pressure 
being greater on inspiration than on expiration. The manometric proof 
that the pleura has been entered will thus be a fluctuation of the column 
of the manometric fluid on the negative side of 0, the fluctuations corre- 
sponding to the respiratory phase. In a normal pleura the reading will 
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be about — 6 to —10 cm. of water on quiet inspiration and — 4 to —7 
on expiration. Until a free oscillation of the fluid on the negative side 
has been observed, it is not safe to allow the gas to enter. When the 
needle penetrates the lung, the readings may fluctuate from minus 2 to 
plus 2. When the tip of the needle is adjacent to the parietal pleura 
but outside it, a slight negative fluctuation may be noted. Slight mois- 
ture in the needle may interfere with the reading at first, but usually 
after a few cubic centimeters of gas have been introduced the reading 
can be easily noted. The apparatus in common use is pictured in the 
accompanying figure, which illustrates the type of apparatus in general 
use. 
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Fig. 12.—ROBINSON'S APPARATUS FOR ARTIFICIAL PNEUMOTHORAX. (Courtesy of 
Codman and Shurtleff.) 


Two bottles of 2,000 ¢.c. capacity are employed. One is stationary and filled 
with water containing 2 drams of pyrogallie acid to take up any oxygen which may 
enter in conjunction with nitrogen. Nitrogen gas is then forced into stationary 
bottle, A, displacing the water back to bottle B. At completion of this displace- 
ment the aparatus is ready for use. On opening certain cocks the water in bottle B 
replaces the nitrogen in bottle A, gradually filling it. The difference in the water 
levels of the two bottles represents the pressure under which the nitrogen is injected, 
the rapidity of its injection being regulated by the size of the opening in any one 
of the cocks. As the water levels approach one another bottle B may be raised, 
thus maintaining the pressure until most of the nitrogen has been displaced, when 
the pressure is necessarily reduced. With this hydrostatic mechanism the pressure 
may be varied at will, never attaining the dangerous limit. 

The arrangement of cocks D, E, and F corresponds to the substitution of a 
three-way cock at point G. In other words, with D cock closed and E and F open, 
a direct connection is established between the thoracic cavity and the manometer. 
With cock F closed, and C, D, and E open, connection is made between the confined 
nitrogen and the manometer, thus recording the pressure represented by the dif- 
ference in water levels of bottles A and B. With cock E closed, and all others open, 
the nitrogen passes directly from bottle A into the pleural cavity. 


As the gas enters the pleural cavity the lung contracts by its own 
elasticity, and the manometric readings are consequently changed from 


536 PULMONARY TUBERCULOSIS 


what they were at the beginning of the operation. It is good practice 
to introduce only a small amount of gas at the first. operation—from 
250 e.c. to 400 e.c., according to the size of the chest and other circum- 
stances, which will vary with each individual case. Usually about 300 
e.c. is a safe dose for the first injection. The second dose of the same 
quantity is often given the next day. The third dose after an interval 
of two days, and the following four or five doses twice and then once a 
week. Later the space between the doses may be two weeks but it is 
seldom wise to exceed this interval unless the case can be watched closely 
with the fluoroscope which, as a matter of fact, is the ideal method, but 
often impossible. By this gradual method little discomfort is caused 
the patient, more even collapse of the lung obtained and the unpleasant 
symptoms which follow injections of large amounts of gas at the first 
operation are for the most part avoided. It is also important not to 
displace the mediastinum by too large injections, as this will cramp the 
functioning lung and interfere with breathing as well as impede the 
heart's action. Even after a small injection of gas there may be some 
discomfort and a feeling of tightness, with some dyspnea, but this does 
not last long. After the withdrawal of the needles the puncture in the 
skin should be closed with collodion, and a well-fitting binder should be 
applied around the chest, to prevent the gas being forced into the sub- 
cutaneous tissues as a result of coughing. 

Physical Signs Following Operation.—The physical signs of an arti- 
ficial pneumothorax are a fullness of the chest wall and lessened res- 
piratory excursion. The percussion note is hyper-resonant. Breath 
sounds are feeble or absent except where the lung is adherent to the 
thoracic wall. When the intrapleural pressure is high the breathing, 
while feeble, will have an amphoric quality. Vocal resonance is usu- 
ally diminished or absent, and whispering pectoriloquy may or may not 
be present. Vocal fremitus is often distinctly palpable. Metallic tink- 
ling is sometimes very clearly heard and the coin sound is often very dis- 
tinct. There is usually more or less displacement of the heart, and in 
some cases the heart sounds are widely heard. The line of the lower 
limit of hyper-resonance is fixed and does not move with respiration. 
While there are the ordinary changes found, it is a fact that some cases 
show an extraordinary variation in the physical signs. 

Dangers of the Operation.—In approximately 15 to 20 per cent. of 
cases it will be found impossible to perform the operation, on account 
of an adherent pleura. Unfortunately it is not always possible to de- 
termine the presence of adhesions beforehand, and even after definite 
pleuritic attacks few or no adhesions may be present and the opera- 
tion may be quite practicable, while in some patients who have never 
had recognizable pleurisy the pleural space may be completely ob- 
literated. It is often possible to introduce gas into the pleura when it 
was impossible to do so a few months before. Even if the pleural ad- 
hesions are not so extensive as to prevent the introduction of gas, they 
may be so situated as to render impossible a collapse of the lung, sufficient 
for good results to be obtained. Impaired resonance over the lower lobe, 
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slight excursion of the diaphragm, and feeble breathing at the base, 
point to the existence of adherent pleura, but are not positive proof. If 
the pleural space can be found and a small amount of gas introduced it 
ig sometimes possible, by frequent injections and by the cautious in- 
crease of the pressure at which the gas is introduced, to break the ad- 
hesions or separate the pleural layers if only adherent by fibrinous 
exudate; but this procedure is always attended with danger and should 
be employed only with great caution. | 

The dangers of the operation are slight and may, in the great major- 
ity of cases, be disregarded, if proper precautions are used. Sepsis can 
be avoided if the operation is carried out under strict aseptic conditions. 
Cleansing of the site of operation and of the operator’s hands is essen- 
tial. The instruments should always be boiled before using. Puncture 
of the lung frequently occurs in cases of adherent pleura, but is usually 
harmless if gas is not allowed to enter through the needle while it is 
in the lung tissue. The manometer in these cases will show a plus- 
minus reading of about equal amplitude with respiration. If it is sns- 
pected that the needle is in the lung, a bulb of glass or metal open at 
both ends and filled with cotton, which is treated with a few drops of 
oil of peppermint, may be connected with the rubber tubing leading to 
the needle. If the needle is in the lung the patient will smell and taste 
the peppermint. 

Occasionally a slight hemoptysis will follow puncture of the lung, 
but this has never been reported as being of serious consequences. The 
main danger of puncturing the lung is from gas embolus, the gas gain- 
ing admission to one of the pulmonary vessels and being carried to 
the brain. This gas may come from the alveolar air or from the air 
in the needle or tubing, even if the gas in the bottle has not been turned 
on. The symptoms of gas embolism will depend upon the part of the 
brain affected. Cessation of respiration and circulation may occur rap- 
idly. The presence of gas bubbles seen with the ophthalmoscope in the 
retinal vessels has been described. Unconsciousness for periods of vary- 
ing length of time, are reported as having been followed by recovery. 
Some operators advise the use of oxygen at the initial operation as, if 
embolism should occur, this gas is rapidly absorbable. Others have used 
normal saline solution, creating a hydrothorax, and then after this is 
established, allowing the gas to enter the pleura through the fiuid. If 
care is taken not to allow the gas from the bottles to enter the chest 
until the manometric readings indicate clearly that the needle is in the 
pleura and not in the lung, the danger of gas embolism is reduced 
to a minimum. 

Pleural reflex, pleural shock or pleural eclampsia result from in- 
jury to the pleura and may occur at the initial or at subsequent opera- 
tions. The symptoms, as a rule, develop suddenly: first, pallor; then 
loss of consciousness; and later cyanosis. Irregularity of pulse and 
respiration, dilatation of the pupils and spasm of the voluntary mus- 
cles are usually present. Thorough anesthesia of the pleura before the 
needle is introduced will obviate the danger of this complication. Syn- 
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cope or fainting occurs rarely in very nervous patients and this may 
be prevented by a small hypodermic of an opiate before beginning the 
operation. This prophylatic use of an opiate before the initial opera- 
tion will also lessen the danger of pleural shock. Cardiac weakness 
occurs from interference with the heart’s action in a few cases. In a 
recent case faintness and, later, marked slowing of the pulse occurred 
in a patient in whom the fluoroscope revealed a strong adhesion from 
the right side of the pericardium to the lower margin of the lung and 
diaphragm, tension on which evidently dilated the pericardium and 
heart. The symptoms of novocaine poisoning in a patient with that 
idiosynerasy are very similar to those of pleural shock. 

Subcutaneous emphysema of limited extent is a not infrequent com- 
plication, particularly following the initial operation, where a large 
needle is employed. The gas sometimes reaches to the neck, but even 
in these cases the complication is more unpleasant for the patient than 
of practical importance. Occasionally emphysema of the mediastinal 
tissues may occur. Subcutaneous hematoma from wounding the inter- 
costal artery has occurred. If too great an intrapleural pressure is 
produced, we may find an edema of the functioning lung which mani- 
fests itself by dyspnea, cyanosis and increased cough with watery ex- 
pectoration. On examination the lung is found to be filled with numer- 
ous coarse rales. In some cases we will find the functioning lung filled 
with rhonchi and sibilant rales which probably represent a passive con- 
gestion which is not sufficient to cause an actual edema. Spontaneous 
rupture of the collapsed lung has occurred with sufficient frequency to 
demand attention. In several cases of this nature which have come to 
autopsy it has been found that the rupture has taken place through the 
wall of a superficial cavity which has been kept stretched by the presence 
of strong adhesions in the neighborhood. Under these circumstances 
it is readily seen how increased intrapulmonary pressure during cough- 
ing or vomiting will cause a tear in the tense wall of the vomica. This 
is an accident which cannot be predicted or prevented and, as far as 
we know, is always fatal, sooner or later. In other cases the pleura 
may fill with effusion to such an extent that the pressure of the effusion 
may cause a rupture into the lung. Secondary infection of the pleura 
usually follows these ruptures and we then have to deal with a condi- 
tion of pyopneumothorax. 

Effusions occur in artificial pneumothorax in probably 75 per cent. 
of the cases thus treated. The etiology of these effusions is still debat- 
able, but the writers believe that they are caused by a reinfection of 
the pleura with tubercle bacilli which are either liberated by the tearing 
of adhesions or by the altered lymph flow which is produced by the 
compression. The occurrence of an effusion is usually marked by pain 
and soreness in the side and by a rise in temperature which may come on 
gradually or abruptly, reaching to even 103° or 104° F. (39.4°-40° C.). 
If the fever comes on suddenly the patient may present symptoms of an 
acute infection, if gradually there is merely a feeling of malaise, loss of 
appetite and languor. In well-marked effusions the chief diagnostic sign 
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is the succussion splash. A flat percussion note, the limits of which vary 
with the position of the patient, displacement of the mediastinum and in- 
creased dyspnea with increased intrapleural pressure, are also to be 
looked for. Many small effusions are impossible to diagnose by physical 
examination and are only revealed by the fluoroscope. The effusion may 
be serous, seropurulent or frankly purulent. A recurring serous effusion 
may become purulent, infected by the tubercle bacillus only. They 
usually contain large numbers of tubercle bacilli which are readily 
demonstrated in direct smears made from the centrifuged sediment. 
These effusions apparently do little or no harm unless the amount is so 
great as to cause symptoms of pressure, and it is often noted that im- 
provement follows their development. It is unnecessary to aspirate them 
unless there is a definite indication to do so. In aspirating these fluids, 
one should allow air to run into the chest after every 200-300 c.c., so 
that the pressure may not become too low at any time, thus allowing the 
lung to re-expand. Sometimes these effusions will fill the pleura and 
will gradually replace the gas. In these cases it is often well to allow 
them to remain and to keep up the pressure on the lung, by repeated 
gas injections. In such cases it is necessary to examine the patients 
fluroscopically at fairly frequent intervals to be sure that, on the one 
hand, the fluid does not increase to such an extent as to cause harmful 
pressure, and, on the other, that it 1s not absorbed to such an extent as 
to allow the lung to reéxpand too soon. One of the strong arguments 
against collapse therapy has been the occurrence of pyopneumothorax, 
which is usually a mixed infection. As soon as this occurs the fluid 
should be aspirated and the pleural cavity washed out with 1:2500 to 
1:5000 gentian violet-sterile water or a 1:5000 watery solution of acra- 
flavin. Depending on the size of the space, 100 to 250 c.c. of the solu- 
tion are allowed to remain. The general condition of the patient will 
determine how soon the aspiration and treatment with dye should be 
repeated, and this should be kept up until the secondary organisms can 
no longer be found on smear and in culture. Two per cent. formalin 
in glycerin, 1 to 2 ounces, have also been left in the pleural cavity after 
removal of the pus. Good results have been obtained but its use is 
followed by severe pain from the rapid rise in intrapleural pressure, 
which should be relieved early by withdrawal of air. The fluid, after 
the use of formalin-glycerin, becomes sero-purulo-sanguinous. We sus- 
pect that bronchial fistula in two patients may have been due to the use 
of this agent. Purulent effusions developed in 12.3 per cent. of Mat- 
son’s 600 cases. It may be due to a ruptured subpleural cavity, to 
seepage from a softened area or to an adhesion tearing away a piece of 
lung. The last constitutes the danger of pushing the pressure too high 
in trying to increase the collapse. 

Simple pleurisy with fibrinous exudate, but without effusion, prob- 
ably occurs in some cases with or without fever and constitutional symp- 
toms. This condition is hard to diagnose or to be sure of, as there 
is no friction, owing to the separation of the visceral and parietal pleura. 
Pain in the thoracic wall with an impairment of the percussion note 
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and a lessened transmission of the X-ray over a localized area make 
a presumptive diagnosis of thickened pleura justifiable. 

It may be inferred from the account of the dangers and complications 
that this method of treatment is accompanied by many risks and discom- 
forts for the patient, but in the majority of cases the benefits greatly out- 
weigh the risks, and there is a much greater danger for the patient 
to leave him alone than to perform the operation. When the desperate 
condition of many cases, for whom artificial pneumothorax offers prob- 
able relief, is taken into consideration, the operation, even if it is accom- 
panied by a certain amount of risk, is not only justifiable but is definitely 
indicated. 

RésuME or SureicaL TREATMENT.—The success which has attended 
operations for the relief of some lung conditions, such as abscess, gan- 
grene, cysts, and in some instances tumor, led surgeons to turn their 
attention to the possibility of being able to relieve the symptoms, if not 
to cure radically some cases of pulmonary tuberculosis. 

In any case in which artificial pneumothorax is indicated and in 
which that procedure has been tried and found unsuccessful on account 
of adhesions, thoracoplasty should be considered. The same general in- 
dications apply to it as to artificial pneumothorax. The dangers of the 
operation must be weighed against the possibility of cure by a longer 
trial of the rest treatment. The history of the development of the opera- 
tion, as now used, will be useful in explaining the problem. 

De Cerenville, in 1885, drained tuberculous cavities, and Sauerbruch 
has tried this with favorable results on selected cases. Freund recom- 
mended cutting through the first costal cartilage on the affected side to 
release the ‘‘stenosis’’ of the apex which he considered to be a factor in 
the pathology. Resection of diseased lung tissue was tried and found to 
be a failure in most cases. De Cerenville, in 1885, tried to immobilize 
portions of the lung by removal of parts of a few ribs overlying the most 
diseased area. Quincke, Turban and Spengler also tried the same thing. 
Brauer suggested, that, as greater compression of the lung is necessary, 
the entire ribs from the second to the tenth should be removed. 
Friedrich began using this method in 1907. His mortality in the one- 
stage operation was 27.5 per cent. The operative shock was severe, and, 
with the fluttering movement of the unprotected side and the medias- 
tinum, the opposite lung was often affected. Wilms then suggested that 
removal of smaller portions of the ribs near the vertebrae will give good 
compression. and he devised his ‘‘columnar resection’’ which consists 
in a removal of relatively small pieces of the upper seven or eight ribs 
from just in front of their angles to the vertebrae and also portions along 
the sternum. Sauerbruch altered this operation by doing only the 
posterior operation in two stages, removing the lower ribs first. He used 
local and regional anesthesia, and his is the technic most followed to- 
day. Small pieces of ribs, larger below and smaller above, are removed 
subperiosteally from the eleventh to, and including, the first. Bone 
develops later, and the deformity which results is apparent only on the 
posterior view of the naked chest. The thoracoplasty cases must take 
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the ‘‘cure’’ until the activity has disappeared. In an excellent review 
of this subject, Alexander finds that ‘‘among 1024 cases of advanced 
tuberculosis, reported from 1918 to 1923, there was a mortality of 12 per 
cent. during the first month after operation (the immediate operative 
mortality was about 2 per cent.) and 19 per cent. thereafter, mostly from 
tuberculosis in the originally better lung or other organs; 26 per cent. 
were improved and 32 per cent. were cured.’’ Brauer, whose results are 
excellent, removes more of the subscapular rib lengths than Sauerbruch, 
for he thinks that the weight of the scapula helps to compress the lung. 

Partial pneumothorax cases, in which the most diseased tissue is not 
at all, or only partially, compressed, are ideal, according to Sauerbruch 
and others, for a combination thoracoplasty-pneumothorax procedure, 
when the initial method has not afforded sufficient relief. One must 
keep up the pneumothorax which is usually in the lower half of the chest. 

Sometimes it is necessary to remove portions of the anterior ends of 
the ribs to get better compression of an apical cavity. Pneumolysis may 
also be indicated ; in this operation the apex, usually with its two layers 
of attached pleura, is separated from the chest wall. Tuffier, who origi- 
nated this operation, fills the space with fat. Archibald uses the pector- 
alis major, and sometimes the minor, cut at one end and sewed as a 
graft, to hold down the apex. ; 

Indications and Contraindications—An unsuccessful attempt to pro- 
duce artificial pneumothorax should precede surgical compression. The 
best results are obtained in patients between fifteen and forty-five years 
of age. Although cavity is usually present, its absence is not a con- 
traindication. The operation on rapidly progressing lesions affords poor 
results; the ideal type is that which is showing some tendency to fibrose. 
The surgeons prefer that the good lung be free from tuberculosis; this 
however, rarely occurs when one hung is so bad that it needs compression 
but the lesion in the better lung should show evidences of inactivity, be 
of slight extent, and confined to the apex. The heart must be strong 
enough to stand the shock of the operation. The other contraindications 
are the same as those which apply to artificial pneumothorax. 

Phrenicotomy.—Severing the phrenic nerve, and thus inducing 
paralysis of the diaphragmatic leaf on that side, has been recommended 
as a preliminary step to thoracoplasty and recently to the induction of 
pneumothorax. An accessory branch from the cervical root occurs in 
about 25 per cent. of people, and when it is sectioned a more complete 
paralysis occurs. After this operation the diaphragm rises from 3 to 
7 em. above its normal position, thus compressing the lower lobe. It 
was first proposed for progressive lesions in this lobe, but the relaxation 
of the lung will sometimes afford clinical relief in lesions of the upper 
lobe also. Sauerbruch and Zoack- claim that less effusion occurs in 
pneumothorax patients with a paralyzed diaphragm, and that the refills 
ean be given at longer intervals. Two to four em. of the nerve should 
be resected. 

Management of Convalescence.—GeENrERAL.—In a chronic disease 
like pulmonary tuberculosis it is hard to say exactly where the acute 
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disease ends and convalescence begins. It must be recognized that tuber- 
culosis is a disease characterized by different phases of spreading and 
healing, of activity and quiescence, not only alternating over a long 
period of time, but present simultaneously in the same person. Whether 
the process of spreading or the process of healing is the more marked is 
what determines the clinical picture of improvement or of the reverse. 
Convalescence begins where the disease ceases to be active and becomes 
quiescent. At this time, however, the more important decisions as re- 
gards treatment present themselves for solution, and the greatest need 
occurs for good judgment in handling the case. When the disease is 
active the only therapeutic indication is rest, but as activity dies down 
we have to decide when to begin exercise and how this should be in- 
creased. As stated earlier, the change from rest must be gradually made 
and our endeavor should be to get the patient back to a condition in which 
he will be taking at least as much, if not a little more, exercise than will 
be necessary when he finally returns to his former life and work. If 
we expect that a patient can cease a life of rest and straightway begin 
his old work, the chances are that relapses will be frequent. If, on the 
other hand, the patient can exercise for several hours a day without any 
ill-effeects before leaving our supervision, there is much less chance of 
future breakdown. 

It may be argued that many patients normally lead sedentary lives 
and have little exercise while doing their work and that, consequently, 
there is no necessity for this hardening beforehand. In this connection 
it must be remembered that even ordinary sedentary occupations in- 
volve considerable moving around in the course of each day and also 
that there is not an opportunity to lie down in a reclining chair between 
times. The afternoon rest is also usually impossible, so that in reality 
while the actual physical work is less than the patient was doing before 
returning to work, the opportunities for rest are correspondingly less and 
there is not the same chance for recuperation once work is commenced. 

CaRE AFTER LEAVING SANATORIUM.—The care of the patient after he 
has left the sanatorium or health resort is just as important as his 
treatment while at these places, and this after-care is usually in the 
hands of his own physician and not under the direction of a specialist. 
It is not a difficult matter to improve a majority of our patients, but 
to maintain this improvement after return to active life is a more diffi- 
cult problem. We must remember that patients who have had signs and 
symptoms of tuberculosis sufficient to require treatment are, except in 
possible rare instances, never cured; that is, although the disease is 
arrested and the bacilli are encapsulated with fibrous tissue, the patients 
are still tuberculous and the bacilli are present in their systems. For 
practical purposes we may say that once tuberculous, always tubercu- 
lous. This being the case, we must postulate that if the same set of 
circumstances recur which was operative in causing the first break- 
down, the chances are that a relapse will follow. The recognition of 
this possibility is the keynote of after-care. It is necessary so to regu- 
late the life of the ex-patient that a balance will be maintained between 
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rest and exertion; and to keep this balance, more rest than is necessary 
for a person who has never had clinical tuberculosis must be insisted 
upon, as the whole system of the tuberculous person has suffered to a 
greater or lesser degree by his disease. 

The time that counts for obtaining rest and recuperation from work 
is the period between the close of the day’s work and its resumption 
next morning. This time should be consistently devoted to rest. While 
ordinary social life is in itself harmless, if carriéd to excess or if it 
interferes with this rest, it must be abandoned or modified. The patient 
should be made to understand that his future depends upon his health, 
and that anything which interferes with health should be given up. It 
is surprising to many how much pleasure and usefulness can be ob- 
tained without many of the activities which were formerly considered 
necessary to happiness. If the ex-patient has to work indoors, as the 
majority are compelled to do, it is helpful to sleep out of doors. This 
is more important at this time than during actual treatment. Some- 
times it is advisable to move from, the city to a suburban locality where 
it is easier to make arrangements for fresh air at night. Many suburban 
homes are now constructed with porches for sleeping and out-door life. 
Sundays and holidays should be used for rest and fresh air and many 
persons who feel tired out by the end of the week can get a fresh 
start by using their Sundays for the purpose of recuperation. When 
it is possible a vacation should be taken in spring and fall. No matter 
when the annual vacation comes, it should be spent quietly and rest- 
fully. To many persons a vacation means a more strenuous time than 
they have had while at work. This is a wrong conception of a vacation 
for a person who is tired out and particularly for one who has his 
health to safeguard. The more violent forms of athletics should not 
be indulged in. Tennis and swimming exert a particular strain on 
respiration. Golf, horse-back riding, walking, skating, etc., are suitable 
exercises. 

Occupations for persons who have had tuberculosis demand careful 
thought on the part of the physician. The common advice, ‘‘Get a 
light outdoor job,’’ is in many cases the height of folly. In the first 
place, there are few if any light outdoor jobs; secondly, a light job 
is lightly remunerated; thirdly, the majority of persons are not fitted 
either by experience or education for outdoor work; and finally, out- 
door work entails long hours, exposure to cold and wet, strain and 
fatigue. Almost as many persons who work at outdoor occupations 
break down with tuberculosis as do indoor workers and, if this is ihe 
case, why should these same jobs be recommended to persons after they 
have had this disease? As a general rule, unless the work is distinctly 
unhealthy—as dusty trades, chemical] industries, ete.—a patient is much 
safer to return to his former occupation. This is the work to which 
he is accustomed and there is therefore less nervous strain. He also 
knows his own capabilities at his old work and knows that he can earn 
a living at this, while a new occupation must be learned and there is 
always the uncertainty whether he will succeed or not. The work at 
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which a person spends his days is really less important, from a health 
standpoint, than the manner in which he spends his evenings and nights. 
If for any reason it seems advisable for a patient to take up out-of-door 
work, the following occupations, among others, offer pleasant and profit- 
able work for those with training and aptitude: poultry raising, vege- 
table gardening, fruit farming, forestry and fish culture. The causes 
of relapse are those conditions which have been described as predis- 
posing causes of disease and must be guarded against after once being 
ill, even more than before the first breakdown. 

DANGER SIGNALS OF BEGINNING RELAPSE.—The chief danger signals 
of a beginning relapse are excessive fatigue after an ordinary day’s 
work ; fatigue in the morning after a night’s rest, so that it is an effort 
to get up and start work; an increased tendency to cough; increased 
expectoration; hemoptysis; fever; loss of appetite; gradual and per- 
sistent loss of weight; and an inability to sustain mental or physical 
effort. Many of these may be produced by causes quite unconnected 
with the lungs, but an ex-patient who has any of these symptoms must 
be regarded with suspicion until we have proof that some cause other 
than his former disease is operative. Constant watchfulness is the price 
of continued health, but the results obtained in useful, happy lives are 
fully worth the care demanded. 


PROGNOSIS 


From the patient’s point of view, once a diagnosis has been estab- 
lished, the most important question which arises is, ‘‘Will recovery 
take place?’’ Of hardly less importance and interest 1s the next ques- 
tion usually asked, ‘‘How long will it take before 1 am well?’’ If we 
could answer these questions definitely the whole management of the 
patient would be simplified greatly, but unfortunately prognosis is in 
the majority of cases little more than guesswork. It has been said that 
the only certain thing about tuberculosis is its uncertainty and this 
can be verified by every physician who has had a large experience with 
this disease. At the beginning of practice we are likely to try to give 
definite opinions based on statements which we have learned from text- 
books and in the medical school as to what ought to happen in any 
given combination of circumstances. With greater experience, during 
which we have seen patients improve who had apparently no chance, 
and others decline steadily when we thought that everything pointed to 
recovery, we become more cautious and those with the largest experience 
are least willing to make positive statements. 

Two things must be taken into consideration in estimating the prob- 
able outcome of any ease of pulmonary tuberculosis. The first is the 
disease (extent, duration, character, etc.), and the second is the indi- 
vidual resistance of the patient. While the former may be estimated 
with some degree of accuracy, the other factor is an absolutely unknown 
quantity and as yet we have no scientific means of knowing whether a 
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person has much or little resistance, immunity, power to react, or what- 
ever we may wish to call this evasive condition. A person with a lesion 
so small that it is difficult to detect by routine methods may get steadily 
worse and finally die without ever showing the slightest tendency to 
improve, while another with extensive disease and many severe symp- 
toms will so improve as not only to live for many years, but also to be 
able to work and enjoy life. The main reason for this discrepancy is 
that each individual case reacts differently from all other cases to this 
Infection. We must remember that we are dealing with human beings 
and so cannot figure with mathematical accuracy that a given combina- 
tion of conditions will produce a certain result. Statistics compiled 
from the results of treatment of a large number of cases may show that 
85 per cent. of minimal cases, 60 per cent. of moderately advanced, 
and 30 per cent. of far advanced, according to accepted classifications, 
will recover sufficiently to resume their work, but when we endeavor 
to apply these figures to an individual case the results are fallacious, 
for in a minimal case we have no means of telling whether this par- 
ticular person will fall into the lucky 85 per cent. or into the less fortu- 
nate 15 per cent. Yet another factor enters into the results and this 
may be called the ‘‘accident of disease.’’ A small focus may be situ- 
ated near the pleura and rupture into this, causing a pneumothorax, 
while if it had developed in the opposite direction no such result would 
have happened. Another focus may ulcerate into a blood-vessel, causing 
a hemorrhage which may result in fatal pneumonia, or it might just as 
easily discharge its contents into a bronchus, causing a bronchogenic 
spread into previously healthy lung tissues, or again it might discharge 
bacilli into a blood-vessel from which the germs may be carried to the 
meninges with fatal result, or to the skeletal muscles, in which case no 
noticeable results would follow. These examples will serve to illustrate 
what is meant by the accidents of disease and as we have no means of 
controlling the development of a tuberculous nodule or of forecasting 
its manner or direction of growth, we are absolutely at a loss to foretell 
the results in individual cases. Prognosis is, therefore, not an exact 
study, but must be always guarded and based on experience and a general 
summary of the case rather than on particular aspects. 

While absolute certainty as to outcome is not possible, there are 
some cases which experience has taught us will do better than others 
and in offering our opinions many factors must be taken into con- 
sideration. 

As to Stage of the Disease —The earlier the disease is diagnosed 
and treatment commenced the better are the chances for recovery. Cases 
with incipient lesions do on the whole much better than the far ad- 
vanced and recovery is more complete and takes a shorter time. The 
moderately advanced patients have a middle position. Statistics from 
most sanatoria, where the endeavor is made to admit only early cases, 
cannot as a rule be applied to ordinary private practice where there 
are usually many more adyanced than minimal cases. It must also be 
remembered that early diagnosis does not necessarily mean an incipient 
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lesion, for the disease often does not have a detached incipient stage, a 
considerable portion of the Jung being invaded from the very first. 
Some early cases have a progressive downward course, while many mod- 
erately and far advanced cases will recover a working efficiency. 

As to Type of Disease.— Miliary tuberculosis is always fatal sooner 
or later. Of this we can be as certain as of any fact in connection with 
tuberculosis. Acute pneumonic phthisis is usually rapidly fatal. Either 
the patient dies in a few weeks after breaking down occurs, or large 
cavities rapidly form and death is delayed a little longer. The few 
cases on record which have passed into a more chronic condition are 
notable exceptions. The same may be said about the acute broncho- 
pneumonie form. More of these cases will pass into the chronic ulcera- 
tive type and follow the course of this latter form, but the percentage 
is small and death is the rule. Fibroid phthisis, as a rule, lasts for 
many years, with alternating periods of comparative health and acute 
exacerbations. Death usually results in the end from tuberculosis, but 
the disease is not incompatible with many years of useful work. Chronic 
pulmonary tuberculosis, the more common form of the disease, presents 
greater difficulties of prognosis, as during its long course there is an 
opportunity for many diverse factors to play a part, some of which have 
already been mentioned. Other factors which must be considered will 
now be discussed. 

Age.—Pulmonarv tuberculosis in infants is usually fatal. In chil- 
dren from two years to puberty the results are better than is generally 
supposed if diagnosis is made early and proper treatment instituted. 
The development of pulmonary tuberculosis at the time of puberty, in 
both boys and girls, is apt to be more serious, probably on account of 
the extra strain on the whole body from the change from childhood to 
manhood or womanhood. From puberty to thirty-five years the disease 
shows its most varied manifestations and so many other conditions must 
be considered that no rule ean be given from the standpoint of age. 
After thirty-five or forty years, the disease tends to take a more chronic 
form, but if it becomes acute the older the patient the less is the likeli- 
hood of the process becoming arrested. 

Sex.— Males and females show about the same mortality. With the 
male the factor of more strenuous work and greater financial burdens 
would probably have a deleterious influence, but this is counterbalanced 
by the influence of pregnancy in the female. It is a known fact that 
men are more willing to leave home for treatment than women and 
this has an influence on prognosis. It is always difficult to induce a 
woman to give up home and children, and the worry incident to separa- 
tion acts adversely in treatment. Menstrual disturbances in women 
seem to have a bad influence. After the disease has developed, amenor- 
rhea is a bad sign and a return of the menstruation is of favorable 
import. The period of climacteric is usually a critical time. With men 
alcohol and sexual excesses are more common than with women and are 
unfavorable from a prognostic standpoint. - 

Occupation.—The dusty trades—mining, stonecutting, pottery mak- 
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ing—seem to favor the development of the disease. Athletes and persons 
who have been accustomed to great physical strain, on the whole, do 
badly. This has been noted in a number of cases of young men who 
have engaged in violent athletic contests, which entail intensive train- 
ing. On discontinuing training they are apt to become soft and when 
tuberculosis develops its course is rapid, 

Environment.—Persons who live in good surroundings and ‘break 
down while under favorable conditions usually do less well than others 
who have lived and broken down in unfavorable environments. Farmers 
and persons with outdoor occupations do not respond to treatment as 
well as those who leave sedentary and confined positions to take up an 
outdoor life. The change of environment is probably the factor of im- 
portance in these circumstances. This is well exemplified by the sol- 
diers who have broken down while on active duty at the front, and who 
are reported to have shown wonderful recuperation when put under 
strict treatment and good living conditions. 

Heredity ——Children born of parents who have symptoms of tuber- 
culosis at the time of conception are usually weaker than those of healthy 
parents, but this weakness is general and not specific for tuberculosis. 
The chances for repeated infections are greater for these children. 
There are some figures to show that children of parents who have recov- 
ered from tuberculosis show an increased resistance to the disease, and 


‘if this develops later on, it may run a more chronic course. On the 


whole, heredity has little influence in prognosis. 

Financial Condition.—In a chronic disease in which we must look 
forward to a long period of idleness and expensive treatment, the finances 
of the family play an important part in the outlook. Those poor unfor- 
tunates who have to curtail their cure for money reasons have much 
poorer prospects than their richer neighbors who can afford to continue 
their treatment as long as may be necessary. It is a great pity, but un- 
doubtedly true, that a full pocketbook plays a most important part in 
prognosis. 

As to the Symptoms.—F rom the standpoint of the disease itself the 
various symptoms may give some indication as to the probable course. 

OnsEeT.—An acute onset is often more favorable than a more slowly 
developing disease. Frequently the patients whose disease begins acutely 
will rapidly lose their symptoms and many of the most complete recov- 
eries occur amongst those who have had a sudden onset. This may be 
due to the fact that diagnosis is made earlier and treatment begun sooner, 
or that the indications for rigid treatment are more definite, On the 
other hand, an acute disease may spread rapidly, and an acute onset 
must be looked upon as a two-edged sword, with possibilities of rapid 
recovery or the reverse. Initial hemoptysis or initial pleurisy, if recog- 
nized as being of tuberculous origin, usually means early treatment, and, 
therefore, from this standpoint are favorable. When the onset is gradual 
the disease usually develops and progresses more slowly. It is fre- 
quently found that a chronic onset initiates a slow disease, with very 
gradual disappearance of symptoms. Such chronic disease, while longer 
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in dugation than that with an acute onset, usually becomes arrested, but 
the healing may not be so complete. No general deductions can be 
drawn from the mode of onset. 

Frver.—A low fever which does not last long is not of bad prog- 
nostic significance. High fever, if not of long duration, has no especial 
imporé, and often signifies good reactive capacity on the part of the 
patient. Long-continued fever, whether high or low, usually makes the 
prognosis more doubtful. A high morning temperature is treacherous, 
and the very low temperatures sometimes seen in the morning usually 
mean lowered vitality except in cold climates. The reverse type of fever, 
higher in the morning than in afternoon and evening, is always serious. 
The hectie fever, subnormal in morning and high in the afternoon, is 
also unfavorable. 

Puuse.—A slow pulse is always a good sign, and a rapid, excitable 
heart the reverse. The pulse rate is fully as important a consideration 
in prognosis as the temperature, and if, when the temperature comes 
down to normal, we still find the pulse above 100 when at rest, the prog- 
nosis must be guarded. A persistently rapid pulse which is greatly influ- 
enced by exercise is an index of disease which is treacherous. 

Cyanosis.—Cyanosis of lips, hands and feet is a bad sign, although 
some patients will live for years with slight cyanosis of the nails. 

DYSPNEA is not common except in far-advanced disease, but is un- 
favorable, as it may indicate miliary disease or deep-seated lesions which 
are not discernible by the ordinary methods of examination. 

Hemoptysis.—Except when occurring as the initial symptom and 
thus calling attention to the presence of disease, hemoptysis may be said 
to be unfavorable. The male cases with hemoptysis, on the whole, do 
not do as well as those without but this does not hold for the female cases. 
While rarely fatal from the amount of blood lost, hemorrhages are a 
danger from the possibility of causing a spread of the disease or a 
bronchopneumonia. Hemoptysis often indicates activity and should al- 
ways be considered serious. Not every case with hemoptysis dies, but it 
is certainly a serious and unwelcome symptom. 

WEIGHT.—Steady and progressive gain in weight without forced feed- 
ing indicates an improving disease, and is consequently a good sign. 
Some cases, however, put on a great deal of weight, but are soft and 
flabby. This is not favorable, as such patients lose their weight rapidly 
if the disease again becomes active, for this surplus fat puts a strain on 
heart and kidneys. We often see patients who are lean, but tough and 
wiry, and these may do well without ever gaining more than a few 
pounds; but as a general rule a consistent stready gain up to, or ten 
pounds above the normal for their height is a good prognostic indication. 

GASTRO-INTESTINAL SyMpToMs.—A good stomach and a full purse 
have been said to be the most important factors in prognosis. While 
this is an exaggeration, a patient with a good appetite and good diges- 
tion has a much better chance than one who cannot eat or assimilate his 
food. Persistent anorexia removes one of our mainstays of treatment, 
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and is of -infavorable significance. Flatulence, nausea and diarrhea 
are also bad signs. 

CompLications.—Glandular, bone and joint types of tuberculosis do 
not as a rule, influence the prognosis unfavorably. Laryngeal disease, 
while not as serious as formerly thought, usually renders the prognosis 
less favorable, especially if dysphagia is present. Patients with this last 
symptom rarely recover, as the inability to take nourishment leads to 
rapid emaciation and weakness, with a spread of the pulmonary disease 
as a result. Intestinal tuberculosis has long been considered as almost 
always fatal unless the diagnosis is made at a time when the disease is so 
localized as to be capable of removal by surgical means. Today when 
early diagnosis is possible, and treatment by heliotherapy is usually suc- 
cessful in the early stages, the former pessimistic attitude is slowly giving 
way to a more hopeful outlook. It now occupies the same position that 
laryngeal tuberculosis did twenty-five years ago. Renal tuberculosis, 
unless the kidney can be removed, is usually fatal, although some re- 
coveries have been reported. Albuminuria, except when transient, is to 
be considered as unfavorable. Tuberculosis of the gemtalia is usually 
more chronic and more favorable than urinary disease. Meningitis is al- 
ways fatal. 

PLEuRISY.—Dry pleurisy rarely does any harm, and may do good by 
limiting respiratory movements, thus splinting the diseased lung, and 
keeping it at rest. Pleurisy with effusion is more serious, but often does 
good in mechanical ways. If in large amount, the effusion may cause 
displacement of the heart and dyspnea. Effusions sometimes occur on 
the better side, in which case the results are apt to be bad unless meas- 
ures are taken to relieve the condition. Tuberculous empyema is usually 
a serious complication. Spontaneous pneumothorax is almost always, 
sooner or later, fatal, although a small percentage of cases recover. If 
pus develops in the pneumothorax cavity the prognosis is bad, and 
especially so if tubercle bacilli are found in the pus. 

EXTENT AND LocaTIon or DisEase.—Few definite conclusions can be 
drawn from the extent of signs found in the chest on examination. As 
stated above, some small lesions progress steadily, while larger ones may 
heal rapidly and successfully. The character of the signs is also an 
unreliable guide, as there is no distinctive sign of acute disease which 
may not be found in arrested lesions. Even signs of cavity are quite 
compatible with working efficiency. Symptoms are of much greater 
value in prognosis than signs, Physical signs with entire absence of 
symptoms demand care and watching, but may never mean anything 
more than this. As to cavities, when these develop rapidly it is an 
indication of an acute process, but the more slowly developing cavities 
are not necessarily a serious indication. A not uncommon experience 
is to find in a patient, who is improving in a general way and losing his 
symptoms, an increase in the physical signs. This probably indicates 
that there is a greater reaction on the part of the lungs to the infection 
as manifested by the increase in the signs found on examination, while 
at first the reaction was not as marked owing to the system being flooded 
with poisons, 
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Modes of Death.—In pulmonary tuberculosis the end usually comes 
gradually, weakness progressively becoming more and more marked. 
The various organs of the body become less and less active until they 
cease to function. It is often impossible to say whether the respiratory 
or cardiac function ceases first and the general term ‘‘asthenia,’’ ap- 
plied to the body as a whole, is the most appropriate way to describe 
the termination. Consciousness is usually retained until a short time 
before death, and it is frequently a source of wonder to see how long 
the system, weakened by long illness, holds on to the last spark of life. 
This mode of death by asthenia is by far the most common termination, 
but in some cases the heart is the organ which fails first, and in these 
patients the termination is more rapid and occasionally quite sudden. 
These patients are usually apprehensive, and seem to realize that the 
end is near. The possibility of thrombi forming in the heart and then 
breaking loose to be carried to the lungs must not be overlooked. This 
is probably more common than is usually taught. Sudden death in 
pulmonary tuberculosis is not common, but occasionally occurs, espe- 
cially in cases of long standing with large cavities into which a blood- 
vessel ruptures, the blood literally drowning the patient. Rapid death, 
that is, death which occurs after a few hours or days of warning, is 
more frequent, and is usually caused by one of the complications, as 
bronchopneumonia following hemorrhage, pneumothorax, or meningitis, 
or by spread of the disease in a miliary form into the previously healthy 
parts of the lungs. It must be remembered that a patient with pul- 
monary tuberculosis may die of any intercurrent disease, but statistics 
show that about 80 per cent. of patients tvho have had pulmonary tu- 
berculosis will eventually die of this disease or of a tuberculous com- 
plication. 

Mortality statistics in a chronic disease like tuberculosis, which has a 
marked tendency to relapse, are of two kinds: first, the mortality which 
occurs during treatment and, second, the ultimate mortality. The imme- 
diate mortality during treatment is very difficult to determine with ac- 
curacy, as our tuberculous patients frequently leave our care before a 
positive result is obtained. In this way we lose track of many cases, 
and it also causes an overlapping of statistics from different physicians 
and health resorts. It is probably not far from the truth to say that 
40 per cent. of the patients who present themselves for treatment to a 
physician in a health resort will die as an immediate result of their 
disease. In sanatoria the figures would be much smaller, as the majority 
of these institutions receive only minimal or moderately advanced cases 
and, as a rule, the length of treatment is limited, so that many patients 
leave before definite results have been obtained. In hospitals receiving 
advanced cases the death rate will naturally be greatly increased. The 
only accurate way of judging the mortality from tuberculosis is to take 
the rate for the whole country, but even this does not give us an indica- 
tion of the mortality relative to morbidity or again to infection. In 
1922 there were 90,452 deaths from tuberculosis in the registration area 
of the United States. This is a mortality of 97 per 100,000, as compared 
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with a rate of 202 in 1900. In this year twelve of the registration states 
show an increase and twenty-two a decrease in rate. The highest ad- 
justed rate (172.6 per 100,000) was in Colorado whose climate attracts 
health seekers and the lowest rate was in Nebraska, which had a propor- 
tionate rate of 36.1. In the states in which adjusted rates were calcu- 
lated separately for the white and for the colored populations, Tennessee 
had the highest adjusted rate for both white and colored (121.8 and 
299.8 respectively). The lowest adjusted rate for whites was 54.5 in 
Mississippi and this state and Florida had the lowest rates for negroes 
(171.5 per 100,000). In Massachusetts, where records have been care- 
fully ‘kept for many years, the annual mortality rates per 100,000 for 
tuberculosis fell as follows: 1857, 395; 1867, 325.5; 1877, 320.4; 1887, 
285.6; 1897, 207.4; 1907, 150.9; 1917, 121.1; 1921, 84.2. The tubercu- 
losis death rate generally increased the world over during the war period 
1915-18 but the decline since 1919 has been unusual. Drolet finds that 
in England and Wales the death rate per 100,000 which in 1911 was 
145 for all forms of tuberculosis, rose in 1918 to 192 in the civilian popu- 
lation, and fell in 1922 to 112 for the total population. In 1851 it was 
347, The rate of decline has been constantly accelerating. <A similar 
reduction has been noted in practically all countries. It is to be noted, 
however, that the proportional decrease is not greater than the decrease 
in the general death rate from all causes, and also that as far as we know 
the incidence of infection and morbidity is just as great as it was before 
the discovery of the bacillus. It is not, therefore, justifiable to conclude 
because the mortality has decreased year by year that tuberculosis is 
being stamped out. What has happened is that more rational treatment 
of the disease, better economic and social conditions, and generally im- 
proved conditions of life are decreasing the mortality among those in- 
fected or sick with tuberculosis. 


PATHOLOGY 


Microscopic Picture—The most striking feature about the path- 
ology of tuberculosis is the multiplicity of conditions which may be pro- 
duced by the bacillus. It is only necessary to mention the miliary 
tubercle, the fibrous nodule, the calcareous deposit, the bronchopneumonic 
inflammation, the pneumonias, the caseous foci, the cavities, the effusions 
in pleura or peritoneum, among others, to make the truth of this statement 
clear. If we examine specimens from tuberculosis of the various organs, 
lungs, meninges, kidneys, bones or joints, this disparity of appearance 
is even more strongly emphasized and at first glance it may seem hard 
to reconcile all these different results with an infection by a single or- 
ganism. This diversity has led many observers to postulate the impor- 
tance of secondary invading organisms and to state that many of the 
changes produced are due to a mixed infection. Animal experimenta- 
tion has, however, proved that all the changes found may be produced 
by an infection with the tubercle bacillus alone. 
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To understand the pathology of tuberculosis it is necessary to study 
the single tubercle which is the basic element of the various changes, and 
to follow out its development from the moment of implantation of the 
bacillus in the tissues to the maturity of the tubercle. If a small number. 
of tubercle bacilli are implanted in the tissues of any organ the first 
response on the part of the organism is a proliferation of the fixed con- 
nective tissue cells, or, according to the more recent theory, of the 
endothelial cells. These multiply and surround the bacilli, and in 
their growth they assume the elemental form, being round with faintly 
staining protoplasm and having a large nucleus. They resemble epi- 
thelial cells, which has given rise to the term ‘‘epithelioid,’’ and this may 
be considered as the characteristic cell of the tubercle. This type of 
tubercle, composed as it is of proliferated tissue, corresponds to a neo- 
plasm, and in many ways this correspondence is borne out by the tubercle. 
As proliferation increases the epithelioid cells in the outer part of the 
tubercle are squeezed and become elongated and flattened so that the 
tubercle has somewhat the appearance of an onion, having a central core 
of large rounded cells, which is surrounded by concentric layers of 
elongated cells, the cells becoming more and more flattened from the 
central layers outwards until at the periphery they are long and spindle- 
shaped. 

While we may find tubercles which are almost purely proliferative. 
we usually have the wandering cells, the leukocytes, also taking part in 
the formation of the tubercle. This is spoken of as exudation and must 
be considered to be the second elemental process in the tubercle. The 
part which exudation plays varies in different tubercles. If the bacilli 
gain access to the tissues in large numbers even before proliferation 
oceurs, there will be an accumulation of polymorphonuclear leukocytes 
around the bacilli. Almost always some of these cells are found in the 
early stages of the tubercle, but later give place to the lymphocytes 
which are the characteristic leukocyte of the tubercle and are spoken of 
as small round cells. These are found scattered through the tubercle 
and often form a zone around the periphery. In some cases the tubercle 
is so packed with these small round cells that they dominate the picture 
and the tubercle resembles closely an aggregation of lymph-cells. At 
the same time as the leukocytes appear there is an exudation of serum in 
and around the tubercle. In the tuberculous pneumonias we may find a 
pure exudative response to the implantation of the bacilli. 

The third process in tubercle formation is caseation or necrosis. The 
cells in the center of the tubercle lose their staining properties, become 
swollen, the nuclei fragment and eventually the individuality of the cells 
is lost and a homogeneous mass results which forms the center of the 
tubercle and which is spoken of as caseous or cheesy material. This 
caseation has been thought by Weigert to be the result of a coagulation 
necrosis and has been claimed to be caused by pressure resulting in lack 
of nutrition. It may be well to state here that the tubercle does not con- 
tain any blood-vessels. Tubercles may form around previously existing 
vessels or in the walls of bloodvessels, but no vessels enter into this 
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formation of the tubercle itself. Other workers, maintain that the 
necrosis is produced by the toxins of the bacillus, but as we know of no 
toxins which are produced by the tubercle bacillus this last explanation 
cannot yet be granted. A further stage of this necrosis is the lique- 
faction of the caseous material which sometimes occurs and which is the 
basis of the formation of tuberculous pus. At the time of caseation there 
is often a secondary exudation of polymorphonuclear leukocytes which 
is brought about by the irritation of the caseation (Kostenitsch and 
Wolkow). 

A fourth process which occurs in the tubercle is fibrosis. This results 
from the replacement of the epithelioid cells by the ordinary connective 
tissue cells. It may occur all through the tubercle with the formation 
of a fibrous nodule which replaces the tubercle or only in the outer 
layers, in which case the tubercle proper will be encapsulated by a 
fibrous coating. The degree to which this fibrosis takes place determines 
the amount of healing which the tubercle undergoes. 

Still another process may enter into the life history of the tubercle 
and this is calcification, which is really another and more complete form 
of healing. Calcium salts are deposited in the tubercle which may 
eventually become a calcified nodule, such as are found in many lungs 
and mediastinal glands at autopsy. (Figs. 13 and 14.) 

Often during the development of the tubercle there are formed large 
multinuclear cells called giant-cells which were first described by Lang- 
hans. The typical giant-cells have the nuclei arranged in horseshoe 
shape at one side or pole of the cell and they often contain bacilli in 
the protoplasm. These cells are also found with the nuclei packed closely 
in the center. There is still considerable doubt as to whether the giant- 
cells are the result of a fusion of several cells or are the result of a 
multiplication of the nuclei in a single cell which fails to divide when the 
nuclei multiply.’ It may be well to state here that typical tubercles 
may be formed as a result of the injection of dead bacilli or other for- 
eign particles. Whether caseation can be caused in dead bacillus tuber- 
cles or not is not definitely proved. The main point of difference be- 
tween the tubercle produced by dead and that produced by living bacilli 
is that with living bacilli we have an irritant which is capable of growth 
and of reproducing itself, and for this reason the lesion is progressive 
and may spread. 

It may be seen from what has been said that four processes occur in 
the development of the tubercle: 

1. Proliferation. 4. Healing or fibrosis. 

2. Exudation. 3. Caseation or necrosis. 

These processes are usually present in the same tubercle, but in vary- 
ing degrees, and the predominance of one or other process determines 
the nature of the tubercle and the picture which it will present. It is 
this fact that accounts for the varied nature of the tubercle and which has 
led to so much confusion in the study of the pathology of tuberculosis. 
It cannot be maintained, even with the elementary histological tubercle, 
that there is any typical form or development and, if this is true of the 
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tubercle, how much more true is it of the gross pathological changes 
found. 

Collateral Inflammation.—In the neighborhood of an acute inflam- 
matory focus we usually find a zone of edema beyond the inflammatory 
zone. In the same way outside the outer zone of the tubercle we often 
find a zone of inflammation which cannot be called tuberculous and 
which Tendeloo has named ‘‘collateral inflammation.’’ This manifests 
itself by an exudation of serum, leukocytes and red blood-corpuscles 
and the blood-vessels in this region are found to be dilated. It is prob- 
ably caused by a response to the irritation of the growing tubercle. Clin- 
ically this collaterial inflammatory zone is of importance and probably 
explains how we can get such a rapid disappearance of physical signs in 
the lungs as we sometimes find in the diseased area in early cases. The 
edema which we see in the neighborhood of tubercles in the larynx is 
also a manifestation of this collateral inflammation. 

Macroscopic Lesion.—Leaving the microscopic picture, we now 
come to the gross or macroscopic lesion which we find in the lungs. This 
gross tuberculosis is composed of a number of the microscopic tubercles 
grouped together, plus a certain amount of collateral inflammation, 
and, therefore, we may have an almost infinite variety of lesions. In the 
gross specimen, if examined microscopically, it 1s found that all the 
tubercles are not of the same age, degree of development or nature, for 
this disease is characterized by a slow and gradual spread or fresh dis- 
semination of bacilli from the first focus, and we do not have a single 
implantation of bacilli with subsequent even progress towards healing 
or death. Thus in the one macroscopic lesion we may find tubercles 
which are chiefly cellular, others which are largely fibrous, and still 
others which have broken down and become caseous in their centers or 
which may have calcareous deposits. The character of the focus will be 
largely governed by the predominance of the one form over the others, 
and may be fibrous, cellular, caseous, calcareous, with all possible ar- 
rangements of the individual tubercles, scattered or grouped. Usually 
over the lung focus, changes are found in the pleura which will vary 
with the age of the disease. In the early stages of development the ves- 
sels of the pleura are distended and show prominently. The pleural sur- 
face, instead of being smooth and glistening, is roughened and has lost 
its luster. A little later a plastic fibrinous exudate is seen on the sur- 
face which may make the visceral pleura adherent to the parietal, but 
not firmly so. Still later this fibrin may give place to fibrous tissue 
which forms firm adhesions to the costal wall, so that the lung is sep- 
arated with difficulty from the ribs. At other times these adhesions 
are not present, but the visceral pleura is thickened and fibrous, showing 
as a white glistening patch with a puckering of the surrounding pleura. 
These early lung foci are usually found in the upper part of the lungs 
about 2 em. below the apex and rarely in the lower parts of the lungs. 
They may be found also in the neighborhood of the hilus. The reason 
for the localization of pulmonary tuberculosis primarily at the apex or 
hilus and for the germs getting to these locations has been variously 
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explained and warmly debated. One explanation is that the infection 
travels from the tracheobronchial glands by way of the lymphatics to 
the apex and the reason given for this direction of movement ig the 
lesser motility of the apex and hilus region as compared with the rest 
of the lung, this limited movement resulting in a relative stagnation of 
the lymph stream, which thus favors the localization of the bacilli in 
these parts. There is certainly little evidence in favor of a direct in- 
halation of bacilli into the apex and many points to prove the difficulties 
of this hypothesis. How the bacilli get to the bronchial lymph nodes is 
another debatable point which will be considered further on. Krause 
found in experimental animals that the tubercle bacillus passed with 
remarkable rapidity from the point of injection in the groin through the 
lung to the bronchial nodes, causing gross tuberculosis there when no 
changes had yet occurred in the lung. The lungs may be reinfected at 
various times and the bacilli find their passage to the nodes obstructed 
by a fibrosis of lymphatics as a result of earlier infections, and so settle 
in the lungs. In any case it is certain that early tuberculosis is almost 
always apical. 

From this apical nodule the bacilli may be disseminated in several 
ways. The first is by contiguty or direct extension from the first focus 
into the healthy tissues in the immediate neighborhood. This must be a 
common method of spread, and is seen clinically in the gradually extend- 
ing disease which is manifested by an extension of the signs from the 
margins of the first lesion. The second method is by the lymphatics, 
a lymphogenous spread, and in reality the first method, that by con- 
tiguity, is a subdivision of this, as the lymph is not confined to the lymph- 
vesse!s proper, but surrounds all the tissues. The bacilli on gaining en- 
trance to the lymph spaces may be carried to other parts of the lung, 
nearby or remote, as the lymph is in constant motion; or they may be 
carried into the lymph-vessels and then into the glands which drain the 
affected part. It is also possible for them to pass from the glands into 
the larger lymphatics and finally into the thoracic duct, and from this 
be emptied into the right side of the heart from which the further dis- 
Semination is by the blood-stream. The third method of spread is the 
hematogenous, and this is the cause of miliary tuberculosis, the localiza- 
tion of the small tubercles depending on whether the bacilli are carried 
to the right or left side of the heart. In the former case metastatic 
tubercles will be found chiefly in the lungs, while in the latter the bacilli 
may be spread to various other organs of the body, meninges, kidneys, 
liver, spleen, bones or joints. Another possibility which may occur 
when bacilli enter the blood-stream is that they will be phagocyted by 
the leukocytes. This may not be altogether a protective process aud it 
is quite possible that the leukocytes with ingested bacilli may act as 
carriers, transporting the bacilli in their protoplasm to some fresh tis- 
sue in which implantation and tubercle formation may occur. A fourth 
method of spread from a pulmonary focus is the bronchogenous, which 
is possible in all cases in which bacilli are present in the bronchi or 
bronchial secretion. The inspiratory effort which precedes coughing 
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may aspirate masses of bacillus-laden sputum into fresh parts of the 
lung where disease may be initiated. Bronchopneumonic patches, so 
frequently seen in pulmonary tuberculosis, probably often originate in 
this way. The typical foci caused by this bronchogenic dissemination 
are grouped in bunches comparable to bunches of grapes, the groups 
corresponding to the branching of the terminal bronchioles. These 
various methods of spread from the primary lung disease help to ex- 
plain the diverse pathological manifestations of tuberculosis in the lungs 
and it is perhaps wise to emphasize the unity of all the various forms in 
that they are caused by the same organism, the tubercle bacillus. 

Tuberculosis of the bronchi is really a part of tuberculosis of the 
lungs, and does not demand a separate description. The peribronchial 
lymph-nodes often show tuberculous changes, and the blocking of the 
peribronchial lymphatics by these changes is probably an important 
factor in the retrograde lymphatic infection which plays a part in the 
lymphogenous spread of the disease. Birch-Hirschfeld has described a 
form of primary tuberculous bronchiolitis which he thought due to direct 
inhalation, but there is no proof that this was not caused by an exten- 
sion of the bacilli from the peribronchial lymphatics. In advanced 
cases submucous tubercles and tuberculous ulcers are found in many 
of the bronchi and even in the trachea. In all cases of pulmonary tu- 
berculosis the bronchial lymph glands are found to have tuberculous 
changes and may at times attain a very large size. Whether these glands 
are primary to the lung disease or secondary to a focus in the lungs is 
difficult to determine, and it is never safe to draw conclusions as to the 
relative age of a tuberculous nodule from the changes found. Ghon 
has stated that in nearly every case of bronchial gland tuberculosis in 
children a primary focus in the lungs can be found. Opie in this coun- 
try has corroborated Ghon’s findings. On the other hand, Harbitz has 
found that the upper cervical glands are most commonly infected in 
children, and thinks that the infection travels down the cervical chain. 
The question as to the modes of invasion of the tubercle bacillus has 
been discussed before and at present it is necessary only to state that 
the glands at the root of the lung are in reality a part of the pathological 
picture of pulmonary tuberculosis. 

Anatomic Forms of Lung Tuberculosis.—These are the end result 
of the spread of the tuberculous process from the early focus which is 
usually situated near the apex. An exception to this statement is miliary 
tuberculosis of the lungs which may be and often is secondary to a focus 
outside the lungs. A very common point of origin is a caseous gland in 
the mediastinum or abdomen, which ruptures or discharges into the 
thoracic duct, with the result that the contents reach the lungs by way 
of the right side of the heart and pulmonary arteries. The opinion that 
the lungs act as a filter for any bacilli which may reach them by the 
blood-stream is fairly generally held, but the capillaries are not small 
enough to prevent the passage of some bacilli and, while the lungs will 
usually show the most marked changes, a number of bacilli almost in- 
variably pass through and start tubercles in the other organs of the 
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body. This is well shown by injecting an emulsion of tubercle bacilli 
into the ear vein of a rabbit. An animal thus inoculated and killed 
about four weeks later will have many miliary tubercles in the lungs, 
but almost always a few will be found in the kidneys. Miliary tuber- 
culosis of the lungs shows itself as numerous small gray tubercles scat- 
tered fairly evenly over both lungs, although at times they are more 
or less localized in smaller areas. Later on these grayish nodules may 
become yellow from caseous degeneration. The lung is often dark red, 
owing to a marked hyperemia around the individual tubercles, The 
tubercles are situated in the interalveolar septa or in the peribronchial 
and perivascular tissues. The lung as a whole contains air, and there 
is little exudate into the alveoli. In rare cases miliary tubercles may 
become fibrous and appear as smal] white nodules surrounded by fairly 
normal lung tissue. Widespread miliary tuberculosis is a fatal condi- 
tion, but the localized eruptions of tubercles are quite compatible with 
life. 

PNEUMONIC PHTHisIs.—In the early stages tuberculous pneumonia 
appears both macroscopically and microscopically like ordinary lobar 
pneumonia. The disease is confined to one or two lobes or a whole lung 
may be involved. The involved area is at first dark red, bleeds freely on 
section, and excised particles are airless and sink in water. The alveoli 
are filled with a fibrinous exudate in which desquamated epithelial cells, 
leukocytes and red blood-corpuscles are found. Tubercle bacilli are 
sometimes present in the exudate in enormous numbers. Individual 
tubercles are often absent and the process can be considered as a true 
exudation without accompanying proliferation. The cells in the exudate 
rapidly undergo necrosis and in a short time the alveolar walls also 
necrose and the whole diseased area becomes caseous. This distinguishes 
tuberculous pneumonia from ordinary pneumonia. The gross appear- 
ance is now changed from dark red to yellowish or gray and the lung 
tissue loses its identity. The elastic tissue in the alveolar walls is more 
resistant than the other tissues and by special stains the outlines of 
the alveoli may be seen until the whole mass is liquefied and discharged 
through the bronchi. When this occurs large cavities are formed and 
these frequently involve the whole of a lobe. 

BRONCHOPNEUMONIC TUBERCULOSIS presents a similar gross appear- 
ance, except that the areas are less extensive, are usually less sharply 
demarcated and are more lobulated in outline. Caseation and cavity 
formation are less marked and rapid in development and the lobulated 
caseous areas are frequently found in the lungs of persons who have had 
the more common ulcerative tuberculosis. If a lung containing broncho- 
pneumonic patches is sectioned before caseation has taken place, these 
areas are seen to stand out above the rest of the section, to be dark red 
in color, to be firm on pressure and to exude a tenacious exudate. They 
have been compared to a mulberry in appearance. 

FIBROID PHTHISIS, representing cases of long standing and slow prog- 
ress, usually involves a large part of one or both lungs. The fibrous 
portions are shrunken while the remainder of the lung is emphysema- 
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tous, large vesicles or bulle sometimes being seen. In the fibrous tissue 
are usually found cavities of greater or less size and areas of caseation 
may also be seen. Pigment, coal and dust are often seen in the fibrous 
tissue. Microscopically, the remains of alveoli, of irregular and atypical 
conformation, are often found surrounded by fibrous tissue and in this 
latter we commonly find small areas of tuberculous tissue and caseation. 
Sometimes a diffuse fibrosis or induration of the lung occurs which can 
only be distinguished as tuberculous by microscopic examination. 

ULCERATIVE CASEOUS TUBERCULOSIS is the pathological condition found 
in the ordinary cases of chronic pulmonary tuberculosis. In this an 
infinite variety of conditions may be found, cavity, caseation, fibrosis, 
bronchopneumonic patches, miliary tubercles and emphysema. All pos- 
sible combinations of these occur, but the typical tuberculous lung found 
at autopsy, sometimes called the Laennec lung, as it was first described 
by him, shows the most advanced condition, cavity, at the apex. Lower 
down areas of bronchopneumoniec tuberculosis are found, usually with 
considerable caseation, while in the lowest part we find fairly healthy 
lung tissue studded will miliary tubercles (Fig. 18). Laennec correctly 
interpreted these changes as being due to successive secondary eruptions 
of tubercles and emphasized the fact that tuberculosis is characterized 
by these successive implantations. To attempt a deseription of the 
various gross appearances found in tuberculous lungs would be con- 
fusing and superfluous and a reference to the illustrations will show 
some of the chief changes met with. 

Cavities.—Cavities are found chiefly in the apex of the lungs but 
are sometimes found in the lower lobes. These vary greatly in size and 
shape. They may be so small as to be scarcely recognizable with the 
naked eye or may be so large as to occupy a whole lobe. In shape they 
are usually roughly globular, but are also often lobulated owing to the 
fact that multiple small cavities may communicate with one another. 
They usually communicate with a bronchus, but the opening may be 
closed by fibrous tissue formation in the walls. The inner wall is 
usually covered with caseous material or granulation tissue, but in some 
old cavities the lining is smooth and glistening. The wall is also vari- 
ously formed and may be composed of tuberculous tissue or if older 
the wall may be firm and fibrous (Fig. 19). 

Occasionally cavities result from bronchiectatic dilatations. It is not 
uncommon to find blood-vessels stretching across the cavity as fibrous 
bands if the cavity has been preceded by thrombosis of the vessels. 
Sometimes the vessels are still patent, in which case they will be dilated 
owing to the weakness of their walls or saccular aneurysms may be pres- 
ent from the same cause (Fig. 20). A cavity which has formed rapidly 
is usually surrounded by cellular and caseous tissue, while those of more 
chronic development will have tougher fibrous capsules. If a cavity is 
situated near the surface of the lung it may rupture into the pleura, 
causing a general or a partial pneumothorax according to the condition 
of the pleura, i.e., whether adhesions are present or not. Fortunately a 
subpleural cavity usually causes pleural change and adhesions without 
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which pneumothorax would be much more common than 1s actually the 
case. 

Cavity is not always the end result of an apical tuberculous nodule 
and probably more often than cavity we find healing in one or other 
of its forms. The healed tuberculous nodule may be fibrous and irregu- 
lar, the fibrous tissue containing more or less caseous material and granu- 
lation tissue. In other cases the nodule is rounded with a firm fibrous 
capsule and has a center, composed of thick caseous material. A still 
further type of healing is the deposit of calcium salts in the fibrous 
nodule, so that this has a gritty feeling when palpated with the fingers 
or cut with a knife. 

Pleura.—The pleura of a tuberculous lung always shows more or 
less change, except in miliary tuberculosis, in which we sometimes find 
no pleural change. It is usually thick and fibrous, the thickness varying 
greatly from that of a sheet of paper to one or more centimeters. 
Caseous pleurisies may be very thick, up to 5 em. in cross-section areas. 
Adhesions are usually present, particularly at the apex. These may be 
so general that the whole pleural cavity is obliterated and so tough that 
they must be cut or the tissues torn to remove the lung from the body. 
In some cases true adhesions are not found, but the pleura is covered 
with a layer of fibrin which gives it a shaggy appearance. It is not 
uncommon to find some serous effusion in the pleura which may be an 
exudate, the result of a pleurisy, or a transudate which is a part of the 
terminal edema so frequently found. The early tuberculous changes in 
the pleura, hyperemia, slight roughening and so forth are rarely seen 
at autopsy. 

Larynx.—In about 50 per cent. of cases dying of pulmonary tuber- 
culosis the larynx will show evidences of tuberculous infection. These 
will be exudative, edematous, proliferative or ulcerative or may be a 
combination of these processes and the lesion may be found in any part 
of the larynx, on the vocal cords or false cords, the arytenoids, the inter- 
arytenoid space, in the larynx below the cords or on the epiglottis. The 
tubercles, whether a part of a miliary tuberculosis or originating from 
bacilli which lodge on the epithelium, always begin in the subepithelial 
tissues or submucosa and are not superficial. This is explained by the 
fact that the bacilli always pass through the superficial epithelium before 
tubercles are formed. This may be stated as a rule not only for the 
larynx, but for all epithelium covered tissues, skin, bronchi, intestines, 
bladder and so forth. The ulcers found are the result of tubercles which 
in their development break through the epithelium, discharge their 
caseous center and leave an open wound. Perichondritis, which may 
lead to necrosis of the various cartilages, is not uncommon. The epi- 
glottis is sometimes almost completely destroyed and if the thyroid carti- 
lage has been the seat of necrosis, perforation may occur. Tubercu- 
lomata or tumors of tuberculous tissue are found on the posterior wall 
of the larynx and vary in size from a pin’s head to a hickory nut. The 
tonsils, tongue and inside of the cheeks and especially the posterior 
pharyngeal wall sometimes show tuberculous ulcers. 
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Intestines.—Tuberculosis of the intestines is very commonly found 
at autopsy on persons dying from tuberculosis of the lungs, but the 
intestinal infection in a great many patients gives no symptoms before 
death. Tuberculosis of the intestines may occur in three forms, the 
ulcerative, the hypertrophic or a diffuse fibrosis of the intestinal wall. 
The first mentioned is the most common, but in many cases there is a 
localized hypertrophy of the intestinal wall accompanying the ulceration, 
especially in the large intestine. The diffuse fibrous form is extremely 
rare. The ulcers may occur in any part of the intestines from the 
duodenum to the rectum. In the small intestines the lower part of the 
ileum is most commonly involved. The ulcers are irregular in shape 
with undermined edges, and the base is covered with granulation tissue 
in which tubercles may be seen. The ulcers occur mostly in Peyer’s 
patches and in solitary follicles. They are deeper in the small bowel 
than in the large, where they are more frequent, often confluent, and 
sometimes serpigenous. When the ulcers encircle the intestine, stenosis 
may result. Healing can occur and fibrous scars are occasionally found 
which are probably the result of ulcers which have healed. Perforation 
into the peritoneum may occur, but is uncommon. Subperitoneal tuber- 
cles are usually found over the base of these ulcers and the peritoneum 
is hyperemic and has flakes of fibrin on the surface. Peritoneal adhesions 
are common and this explains the infrequency of perforation into the 
peritoneal cavity. In the large intestine the cecum is the commonest 
site of ulceration and the appendix is often also involved. The other 
seats of election are around the hepatic and splenic flexures and in the 
sigmoid. The rectum is occasionally ulcerated. In the large intestine 
the ulcers are smaller as a rule than in the small bowel and the mucous 
membrane is heaped up around the edges giving somewhat a punched 
out appearance. Occasionally the mucosa over a considerable extent will 
be destroyed. There is usually more hypertrophy of the wall of the 
large than of the small intestine. Without intestinal disease tuberculous 
peritonitis 1s not commonly. found in pulmonary tuberculosis, but when 
it occurs it may be exudative or plastic or a combination of the two. 
Gross tuberculosis of the mesenteric nodes is not common in intestinal 
tuberculosis associated with secondary adult pulmonary tuberculosis. 

Other Organs.—In any case of pulmonary tuberculosis coming to 
autopsy we look for changes in the larynx, lymph nodes and intestines 
as the rule and not the exception, but involvement of any other organ 
of the body may also be found. The meninges at the base of the brain 
frequently show some tubercles in miliary tuberculosis. The kidneys, 
ureters and bladder, the epididymes, spermatic cords and seminal vesicles 
in the male, and tubes and ovaries in the female not uncommonly show 
tuberculosis. Tuberculosis of the adrenals is an occasional condition. 
The spleen may be studded with miliary tubercles. The liver is fre- 
quently very large and infiltrated with fat or there may be an increase 
in the fibrous tissue, causing either an atrophic or hypertrophic cirrhosis. 
Tuberculosis of the liver is common in the miliary form of the disease 
and when tuberculous ulcerative enterocolitis is present. Occasionally 
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the capsule of the liver is much thickened, appearing on section like the 
frosting on a cake. The heart rarely shows tuberculous changes, but 
occasionally tubercles are found on the valves. The common change 
found in the heart is brown atrophy of the muscle which results in the 
organ being small and soft. Occasionally we find a fatty heart. The 
right side is usually dilated or hypertrophied. The pericardium js some- 
times tuberculous, but this is not as common as might be expected from 
its proximity to the lungs and pleura. Tuberculosis of the bones and 
joints may be found, but is not common in pulmonary tuberculosis. Two 
processes occur and are peculiar to the bones. These are osteoporosis, a 
peculiar form of necrosis, and osteosclerosis corresponding to fibrosis 
in other organs. The muscles practically never show tuberculous lesions. 
Although these have been described as occurring in rare cases, they must 
be looked upon as pathological curiosities. The skin is practically never 
affected. The middle ear is much more commonly infected than is gen- 
erally supposed and there may be a destruction of the structures of this 
organ. Occasionally the mastoid is infected from the middle ear and 
the cells found filled with pus and granulation tissue. The eye occasion- 
ally shows tuberculous changes which may be present in the conjunctiva, 
cornea, iris or the retina. In miliary tuberculosis tubercles are quite 
commonly found in the retina. 

Thus it will be seen that we may find tuberculosis of any organ in 
the body in cases of pulmonary disease, but the occurrence of lesions, 
except in the lungs, larynx and intestines, is not really very common. 
The organs of the body, however, heart, kidneys, spleen, liver, etc., 
always show non-tuberculous changes, but these are not specific and are 
those that would be found in any infection of chronic development and 
long course. These changes are produced by the absorption and circula- 
tion of poisons from the diseased foci in the lungs and also by the long- 
continued fever which is characteristic of tuberculosis. 

The picture of tuberculosis as seen under the microscope is the same 
in any organ or tissue, but is modified to a certain extent in the develop- 
ment of the tubercle and in the spread of the lesions by the structure 
of the organ in which the bacilli come to rest. For this reason a detailed 
description 1s unnecessary and the reader is referred to the general 
account of the histogenesis of the tubercle. The non-specific changes 
are the ordinary degenerations and atrophies. 

Allergy.—‘‘ Allergy’’ is a term introduced by von Pirquet to signify 
an altered reactive capacity of the tissues of a person or animal infected 
with tuberculosis. In other words, when a person is infected with the 
tubercle bacilli and anatomic tubercle is present, all the tissues of the 
body are in some way changed so that when reinfected with tubercle 
bacilli or inoculated with the various products of such bacilli they react 
quite differently from those of a normal person. The tuberculin re- 
action depends on this allergic condition and has been already discussed. 
Even more important, both from the clinical and pathological stand- 
points, 1s this altered reaction to fresh implantations of living bacilli. 
Koch was the first to notice this change and recorded that the skin of 
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a tuberculous guinea pig reacted differently from that of a non-tubercu- 
lous animal when infected with bacilli. This altered skin reaction has 
been more fully investigated by Romer and Joseph, and Rist and Rolland. 
Other tissues have been studied by various investigators: the peritoneum 
by Rist, Rolland and Kindberg, and by Manwaring and Bronfenbrenner ; 
the lungs by Trudeau, Nichols and later Krause and Gardner at Saranac 
Lake, and by Bezancon and de Serbonnes; the liver by Soper; and the 
pleura by Paterson. All these workers are agreed that the reaction to 
reinfection is characterized by a sharp, rapid, acute inflammation, a rapid 
development of macroscopic tubercles which is followed by a disappear- 
ance of many of these or by a walling off and localization of the tuber- 
culous lesions. The general symptoms accompanying these changes are 
as follows: the reinfected animals are acutely ill for twenty-four or forty- 
eight hours and a certain number will die from the effects of the inocu- 
lation in a few days, even before the tubercles are formed. If, however, 
they survive this acute stage they rapidly convalesce and may completely 
recover, or at any rate live much longer on the average than animals 
which are non-tuberculous at the time of the inoculation. In previously 
normal animals, the course of an infection is different. The inoculation 
produces no immediate effects either local or general, but there is a 
gradual development of the tubercles and with this the animal slowly 
loses weight and becomes more and more ill, gradually succumbing to the 
infection. The tubercles themselves do not show a tendency to heal, but 
rather spread and become disseminated. These differences may be tabu- 
lated briefly as follows: 


Tuberculous Animals Normal Animals 


1. Local inflammatory reaction at site No immediate reaction at site of inocula- 
of inoculation. tion. 
Animals acutely il] for 48 hours. No effects of inoculation to be noticed. 


Death in a certain number during No immediate mortality. 
this period. 

Rapid development of tubercles or Slower development of tubercles. 
diffuse inflammatory changes. 


XN So FF wr 


Regain apparently normal health. Gradual decline of health and weight. 

Disappearance of many tubercles or Progressive spread of tubercles and dis- 
localization of disease. semination, 

Outlive control animals. Average length of life shorter. 


While these facts are very striking, there is still much that is obscure 
in the allergic reaction. The difference from the reaction to a first 
infection seems to be one of degree rather than of quality. Micro- 
scopically it is often impossible to tell a tubercle in allergic tissue 
from one in unaltered tissue, but in general the exudative process seems 
more marked in the former than in the latter. These experiments re- 
produce in animals many clinical symptoms and changes which are 
not produced by a first inoculation. Thus the acute onset of symptoms 
in many exacerbations during the course of a pulmonary tuberculosis 
is comparable to the severe symptoms noted within a few hours after 
reinocuation. Exudative pneumonias occur in the allergic lungs and 
not in the lungs of controls. Effusions occur in the pleura of rein- 
fected animals and not in the controls. Cavities in the lungs of rein- 
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fected guinea pigs have been found, but never in normal control ani- 
mals. The practical application of this experimental work is clear. 
It must be remembered that tuberculosis in adults is practically always 
4 condition occurring in a system which has been rendered allergic by 
a childhood infection and that spread of the disease is an implantation 
of bacilli on tissues which are altered by the already existing focus 
from which dissemination proceeds. There are many as yet unsolved 
problems in connection with reinfection, but enough has been said to 
make its importance apparent and to stimulate further investigations. 

Immunity.—Probably no phase of tuberculosis has received more 
attention during the past twenty years than has the problem of im- 
munity. The literature on this subject has assumed enormous propor- 
tions and with the accumulation of this, a confusion has arisen through 
which it is difficult to see any light. Much of this confusion has been 
caused by the failure to make a distinction between tuberculous infection, 
an anatomical condition, and tuberculosis, the disease. The former term 
should be applied to the result of the tissue reaction caused by the 
implanation of the bacillus. This is perfectly compatible with good 
health and anatomic tubercle exists in the great majority of adult per- 
sons, its presence being proved only by autopsy findings or inferred 
from the results of tuberculin tests. The latter condition, tuberculosis, 
is a disease resulting from the activation and spread of bacilli from 
such tubercle, and this diseased condition is characterized by the oceur- 
rence of symptoms and, therefore. by an alteration of the normal body 
functions. When speaking of immunity, it must be clearly understood 
whether immunity to infection or immunity to the disease is meant. 
The term ‘‘immunity’’ or ‘‘resistance’’ is frequently loosely used, and 
many physicians who make use of these terms do so without any clear 
conception of what they themselves really understand by the words. 
We hear of lowered resistance and increased immunity, that a patient’s 
resistance is raised by tuberculin or his immunity is broken down by 
an acute infection, of resistance arresting the spread of an acute ex- 
acerbation or non-resistance being the cause of such activity, and yet 
when we come to analyze these expressions we find that they really 
mean little except that for some unknown reason the disease becomes 
arrested in one person while in another it spreads through the system 
by one of many methods, eventually causing death. Antitoxins, bacterio- 
lysins and complement-fixing substances in the serum, tissue reactions, or 
fements, lipolytic and proteolytic, are, among other things, supposed to 
have something to do with this arrest or spread, but even these explana- 
tions of the immune reaction are hazy in their connotation and in- 
definitely understood as to how they act and what are their effects. 

One fact is known and must be emphasized and this is that there is 
no known immunity to infection with the tubercle bacillus if this gains 
entrance to the tissues of the body. In other words, if the tubercle 
bacillus is implanted in the tissues a definite reaction takes place which 
we know as tubercle formation. What takes place after this, whether 
the bacilli are encapsulated and killed in this tubercle and thus rendered 
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incapable of doing further damage, or whether they spread from this 
primary focus to other tissues and organs and cause disease, is another 
matter, which has already been discussed. Even the species of ani- 
mals which are refractory to tuberculosis, and rarely develop this dis- 
ease under natural conditions, usually form this primary tubercle at the 
site of implantation. Again. if the bacilli are of a strain which is non- 
pathogenic for the animal inoculated, the response to the bacillary in- 
vasion is a tubercle, although this may not progress beyond the point 
of inoculation. Here it should be stated that Harbitz and Bartel have 
shown that tubercle bacilli may exist in lymph-nodes for a considerable 
time without producing tubercle formation. Immunity to infection can 
thus only mean lack of opportunity for infection. If a person does not 
become infected it is because the bacilli have not gained entrance to 
the tissues. If they do gain admission then tubercle results. It is 
necessary, however, for the bacilli to get into the tissues, for tubercle 
formation occurs not on the surface, but under the superficial mem- 
brane, or, in other words, tubercles are subepithelial or submucous and 
do not occur in the epidermis or in the mucous membrane of the 
various organs. Not every bacillus which is breathed into the nostrils 
or taken into the mouth reaches the tissue in which tubercles develop. 
Many are halted by the hairs of the nostrils or are caught in the 
nasa] and buccal secretions and thus stopped or thrown out before they 
really enter the tissues. In these cases infection cannot be said to occur, 
although the persons may have been exposed to the germs. If the pri- 
mary focus is established, what favors or prevents its further spread? 
What are the factors instrumental in causing a development of the tuber- 
cle into tuberculosis? The factors which favor this spread and develop- 
ment have been considered under the heading of Predisposing Causes 
and in general the occurrence of opposite conditions or the non-occur- 
rence of these same conditions will tend to keep the disease localized at its 
point of origin. 
Krause has recently called attention to the mechanical factors of 
resistance, and has pointed out that it is the structure of the tubercle, 
whether readily permeable or the reverse, which plays the most im- 
portant part in the spread or the localization of the bacilli. If the wall 
is fibrous, although the bacilli may live for years in the tubercle, they 
ean escape only with difficulty, while on the other hand, if the capsule is 
less dense and there is a freer give and take between the contents of the 
tubercle and the lymph and blood outside, the chances of dissemination 
are greater. If the bacilli do escape from the primary tubercle. they 
lodge in tissues which have an altered reaction, which is caused by the 
the presence of this primary tubercle itself, as has been explained 
already. This allergic or hypersensitive reaction of the tissues is now 
influential in the further development of the infection. This allergic 
condition is not only active in the case of bacilli emerging from the pri- 
mary tubercle, but is also operative in the defenses of the body against 
further infection from without or exogenous infection, as it is called. 
Anima] experimentation has proved that a tuberculous animal is resistant 
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to a certain degree to reinfection; that on secondary inoculation an 
acute inflammatory reaction takes place and unless this infection is over- 
whelming in amount, this reaction tends to localize the bacilli and pre- 
vent the spread and development of disease. There is also a marked 
tendency to healing of the lesions caused by this reinfection. The benign 
infection of the skin, known as necrogenic or post-mortem warts, is @ 
clinical example of this same thing. There is thus a definite immunity 
to reinfection which exists as long as anatomic tubercle is present in the 
body. This is comparable to the immunity to secondary infection with 
syphilitic virus in a person who already has syphilis. 

Attempts to produce immunity to tuberculosis with avirulent or 
dead organisms have been tried times without number, but the results 
have been unsatisfactory and transient at best. The recent work of 
Zinsser and Petroff, however, shows that dead tubercle bacilli do produce 
some, possibly as much, immunity in guinea pigs as living organisms. 
The best results have been obtained by the use of virulent living bacilli 
and even with these we can only say that it is possible to produce a 
relative immunity to reinfection. Sera from animals that are refractory 
to tuberculosis, and various extracts and products of the tubercle bacilli 
have been used for the same purpose, but with disappointing results 
which are not to be wondered at when we realize that the serological 
antibodies which have been found in tuberculosis apparently have no di- 
rect influence on infection and resistance against it. Just what it is 
which is active in killing off the bacilli in the body or in rendering them 
harmless, is not yet known. It is certain that countless numbers of 
bacilli must be destroyed in every body which has tuberculosis, whether 
the disease is progressing toward healing or the reverse, but the method 
is only to be surmised and is not proved. Are there lipolytic substances 
produced by the lymphocytes which dissolve the waxy coating of the 
bacilli and allow other proteolytic enzymes to finish the work? Are there 
bacteriolysins in the serum which cause disintegration of the bacilli? 
Is this produced by fermentst A definite answer to these questions 
cannot yet be given. 


HISTORICAL SUMMARY 


Consumption has been known from the earliest times. It was prob- 
ably referred to in the early books of the Bible, and certainly Hippocrates 
gave a description of phthisis. It must be remembered that in all early 
writings on medicine a disease was recognized by the symptoms which 
were most marked and for this reason the early descriptions of phthisis 
covered many other conditions in which there were wasting, debility, 
cough and expectoration. The Hippocratic school advocated change of 
climate for persons with phthisis and Aretseus recommended sea voyages 
or country air. Pliny believed in the healing powers of pine forests. 
Some writers even of the era before Christ maintained that the disease 
was contagious. There was little further added to the knowledge of tu- 
berculosis until anatomical study began. Sylvius, as a result of anatom- 
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ical studies, was the first to associate the symptoms of consumption with 
tuberculous nodules. During the eighteenth century there was much 
dispute as to the relationship of scrofula, tuberculous nodules, tubercu- 
lous ulcerations and miliary tuberculosis and the symptoms of consump- 
tion, but from the time of Sylvius to that of Laennec the only great con- 
tribution of the study of tuberculosis was a clinical one, namely, the 
invention of percussion by Auenbrugger. Bayle, who wrote early in the 
nineteenth century. might be called the founder of the modern pathology 
of tuberculosis. He taught that the miliary tubercle was the starting 
point, and maintained that these, at the first small and firm, later en- 
larged, softened and finally suppurated. The really great advance in 
our knowledge of tuberculosis in the early nineteenth century was made 
by Laennec, the inventor of the stethoscope. Himself a consumptive, 
dying at a comparatively early age, he correlated his clinical findings 
with the morbid appearances at autopsy. He taught how to recognize 
consumption by an examination of the chest; he showed how it developed 
from early tubercles and how the disease was characterized by successive 
eruptions of tubercles; he also considered that the oldest lesions were 
situated at the apices of the lungs and that the cavity, the caseous areas 
and the smaller firm tubercles were stages in the development of the dis- 
ease. In a word. Laennec maintained the unity of tuberculosis as op- 
posed to the earlier teachings of a multiplicity of conditions which might 
produce consumption. This teaching of the unity of tuberculosis was 
contradicted after Laennec’s death by no less an authority than Rudolf 
Virchow, who maintained that the tubercle was essentially different from 
the caseous nodule. The tubercle was a tumor, consumption a disease 
and if the consumptive developed tuberculosis the result was almost 
always fatal. 

The first inoculation experiments were done by Kortum in 1789, 
but really systematic work in inoculation was carried out later by 
Cruveilhier. He, however, considered that tuberculosis was not specific 
but resulted from the inoculation of a number of substances. That 
tuberculosis is a specific infectious disease was first conclusively demon- 
strated by Villemin in 1865, but even his results were questioned and 
hotly debated and it was not until 1882 when Koch discovered the tubercle 
bacillus that the specificity and infectivity of tuberculosis was finally 
accepted. From this time to the present our knowledge of tuberculosis 
has enlarged rapidly. The discovery that there are three kinds of tu- 
bercle bacilli, human, bovine and avian, has increased the complexity 
of the subject and even yet there is some debate as to just what part 
each of these play in human tuberculosis. The knowledge of the well- 
nigh universal infection of the human race with tubercle bacilli has 
forced us to modify our views as to predisposition and etiology of clinical 
tuberculosis. Tuberculin as a means of diagnosis is a result of the dis- 
eovery of the bacillus which has enlarged and also complicated our views. 
The fact that there is a difference between tuberculous infection and 
tuberculous disease is one of the great stumbling blocks in diagnosis. 
The factors which are influential in changing infection into disease are 
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still in many instances debatable. The problems of immunity in tuber- 
culosis, of altered tissue reactions following infection, the relationship 
of the bacillus to the host and the influence of the one upon the other and 
many other questions still await a definite answer so that while our 
knowledge is enormous, our ignorance is also profound, and it is a con- 
servative statement to say that the history of tuberculosis is still far from 
complete and many chapters are yet unwritten. 


DISTRIBUTION AND SOCIOLOGICAL ASPECTS OF 
THE DISEASE 


Distribution.—Tuberculosis is found in practically every corner of 
the earth. Among the aborigines of America, of Central Africa, and 
among the Eskimos in their native habitat it is said to be unknown, 
but once introduced among these people by association with other races, 
it develops and assumes a rapidly fatal course. It can well be called 
a disease of civilization and in all civilized countries is probably the 
cause of greater mortality than any other one disease. Tuberculosis 
is not peculiar to any one climate or latitude, but is found in all coun- 
tries. From one-seventh to one-tenth of all deaths are caused by it. 
A few years ago the countries which had the greatest mortality from 
this disease were France, Austria, Servia and Ireland, while the lowest 
mortality was found in Australia, Italy and Belgium. The United 
States, Germany, England and Spain occupied an intermediate posi- 
tion. The mode of life, industrial conditions, sanitation and other 
factors play a large part in the incidence and mortality of this disease. 
Among animals in a natural state tuberculosis is practically unknown, 
but among these same races of animals, when kept in captivity or after 
domestication, it is not uncommon to find tuberculous disease. The 
various races of domestic animals vary greatly in the incidence and 
character of the disease. Dairy cattle are most frequently infected, 
and the more highly bred, the greater seems to be the susceptibility, 
probably because they are kept under more artificial conditions and be- 
cause the chances of infection are greater. The comparison between 
the incidence of tuberculosis in animals, wild and domesticated, and 
in man, nomadic and civilized, forms an interesting study. 

Sociological Aspects.—There is practically no phase of modern civ- 
ilized life that is not touched by the problems of tuberculosis. The mor- 
tality and invalidism caused by this disease make it a national question. 
The individual patient has a direct connection with the home. Poverty 
is intimately associated with tuberculosis. Consequently the consump- 
tive of limited means or without means of support becomes a burden 
for private or public charity. Living conditions, sanitation, overcrowd- 
ing, ventilation, being such important factors in the development of 
tuberculosis, bring this disease into the field of public hygiene. In- 
dustries, factories and shops have to take tuberculosis into account. 
The liquor traffic and tuberculosis cannot be separated one from the 
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other. The army and the navy have recently been directly influenced 
by this disease, both before enlistment of recruits and during actual 
service. These few examples serve to show how diverse are the interests 
which have to take tuberculosis into consideration and there are few, 
if any, persons who have a right to say, ‘‘I, fortunately, have no interest 
in the scourge of tuberculosis. It does not affect me.’’ 

To attempt to discuss all of the various phases of social activity 
which have a bearing on tuberculosis would be to write a treatise on 
sociology. There are, however, some special features of this interre- 
lationship which deserve especial mention and which must be briefly 
considered. As a national problem tuberculosis accounts for approxi- 
mately 10 per cent. of deaths from all causes. The mortality has shown 
a steady decline in nearly every country, but even yet it causes more 
deaths than any other one disease. It has been calculated that a period 
of two years of invalidism is an average for the disability preceding 
death from this cause. The greatest death rate occurs between the ages 
of 20 years and 45 years, which is the life period of greatest earning 
capacity and greatest productivity. With these facts as a basis, it has 
been calculated that the annual loss in this country from this cause 
alone is about $240,000,000. To this sum must be added the loss from 
disability of those persons who are ill, but who do not succumb to the 
disease. In addition to this loss there is always an expense to the patient 
himself, his family, or to charity for sustenance and care during dis- 
ability. This would amount to a sum of at least $500 per annum for 
each patient and in many cases not only has the patient to be cared 
for, but provision has to be made for the family. These rough figures 
will give some small idea of the immense financial loss tuberculosis means 
to the nation. 

There is another side of the question which is often overlooked. as 
its importance cannot be estimated and its effects are difficult to describe. 
This may be called the tragedy of tuberculosis. As has been already 
stated, the disease is prone to strike down young adults, who are just 
at the beginning of their life work. With health, these young persons 
are self-supporting and can look forward to useful and happy lives. 
When tuberculosis develops the home is broken up, ambitions are 
shattered, savings are rapidly used, dependency is forced upon those 
to whom it is disagreeable and, in place of a life of activity, the young 
man or woman has to look forward to a long period of invalidism with 
even worse possibilities. This blasting of young life and hopes consti- 
tutes one of the tragedies of humanity. Much of this is preventable 
and the spread of knowledge about tuberculosis has done a great deal 
to lessen its dire results and to awaken the public to a realization of what 
it means to the state and to the individual. Measures for the prevention 
of tuberculosis have been placed on the statutes of many states and 
cities, but much has yet to be done not only in endeavoring to limit 
the spread of infective material, but to remedy those conditions which 
have been described as predisposing causes. Up to the present we can- 
not say that tuberculous infection is any less prevalent than it was be- 


Practice of Medicine—Tice. 


BS] These new pages 361-568b take the place of the old pages 361-568, Vol. Il. Take out the old, insert the new. 


PATHOLOGY 568a 


fore the institution of preventive measures, but the decrease in mortality 
is an indisputable fact. This is largely, if not entirely, due to better 
living conditions in general, with the consequent lessening of those factors 
which predispose to disease. Many measures which have been advocated 
with a view to eradicating tuberculosis have worked great hardship on 
the patient and in our attempt to lessen the scourge we must remem- 
ber that it is the disease and not the person that we are legislating 
against. The effects of unsanitary surroundings, of overcrowded dwell- 
ings, and of occupation have been described and the improvement of 
these conditions is one of the problems of present day life. Provision 
for the care of the tuberculous patient, the building, equipment and main- 
tenance of sanatoria and hospitals is becoming more and more a public 
problem. At first the sanatoria were mostly built and supported by 
private philanthropy, but at present the majority of the states and many 
cities are provided with sanatoria whose maintenance is a part of the 
regular financial budget. The number of beds available for tuberculous 
patients is still far from sufficient to accommodate all patients, as is 
evidenced by the fact that these institutions always have a waiting list 
for admission. The results of sanatorium treatment have been criticized 
as not justifying the expense of maintenance. Lyman has shown by a 
comparison of the cost of treatment at Gaylord Farm with the earnings 
of the discharged patients, that the equivalent of an annual income of 32 
per cent. on the money invested in treatment was realized. Figures like 
tlris should prove that we must not look only on the expense to charity, 
private or public, but that we should judge the results by the ultimate re- 
turn to the community. 

Advisablity of Marriage——Physicians are often asked as to the 
advisability of marriage for their patients. The question has to be 
decided not only from the physical side, but also from the social stand- 
point, and must be answered differently in individual cases. If it is 
the male who is tuberculous less danger is involved than if the woman 
is the one who is or has been ill, Pregnancy in a woman who has had 
recent active tuberculosis is always a certain risk, but may be allowed 
if there have been no symptoms for at least two years. During preg- 
nancy and for six months after the birth of the child a strict routine 
of rest should be enforced. Many women at one time tuberculous have 
borne healthy children without damage to their own health; but the 
possibilities of danger should never be neglected. For both male and 
female partners the home conditions after marriage are an important 
consideration. Married life—if the healthy member of the partnership 
recognizes the limitations of the one who has had the disease—often 
means more regular life and better opportunities for maintaining health 
than are possible when single. The financial conditions of the couple are 
most important. If these are such that married life can be maintained 
without worry as to money, the question is simplified. but if marriage 
brings increased worry as to how food, clothing, accommodation and 
education of possible children are to be provided, the nervous strain 
may act deleteriously for the partnership. In no decision which the 
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physician has to make, is a knowledge of individual conditions more 
essential. 

Tuberculosis in the Army and Navy.—The routine examination of 
drafted men during the Great War afforded an excellent opportunity to 
study the morbidity from tuberculosis in this group. Prior to Decem- 
ber 5, 1917, 3,764.000 men had been examined by the draft boards, and 
of these 550,000 were rejected as physically unfit. Of the 3,200,000 ac- 
cepted men, 2,700.000 went to camps. The physical examinations of 
these Class I men by the local and camp boards revealed that 47 per cent. 
had a physical defect sufficient to note on the records. The cities 
furnished a larger percentage of defective men (51 per cent) than the 
rural districts (44 per cent). Of the Class I men, 21 per cent. were phy- 
sicallv unfit for military service. Tuberculosis was the cause for re- 
jection in 9.3 per cent. and it was fourth on the list of diseases and dis- 
ability conditions. Of the men whose tuberculosis was not discovered 
until they reached camp, 82 per cent. were under the required weight 
for their height and age. The above figures do not include the 1,850.000 
men, all physically fit, who volunteered for service. Including these 
men, the percentage of rejection for all causes for the United States as 
a whole, would be 13.1 per cent. of men between 21 and 31 years of 
age. There were, of course, thousands of men admitted to service with 
latent tuberculosis which flared up under the strain of camp and field 
service. These facts have brought home to the public as well as to medt- 
cal men the fact that tuberculosis is a national problem, which must 
sooner or later be faced by the nation as a whole. Tuberculosis affects 
the individual. the home, the community, the state, the nation, and its 
problems are directly or indirectly of importance to every citizen. 
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By Berrram H, Waters, M.A., M.D. 
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Definition. Miliary tuberculosis is an acute, infectious disease, ex- 
cited by the presence and growth of the Bacillus tuberculosis, present- 
ing a characteristic inflammation in the form of miliary tubercles, more 
or less widely distributed throughout the tissues of the body. 

Etiology and Pathology.—To conceive clearly the manifestations of 
tuberculosis to be considered here, it is necessary to keep in mind, not 
only that they are the pathological effects of infection by the tubercle 
bacillus, but also that their occurrence depends upon the manner and 
character of such infection. It will be helpful to review briefly the 
anatomical changes which take place in normal tissue following the 
implantation therein of Bacillus tuberculosis. 

Though the identification of the Bacillus tuberculosis as the infective 
organism of tuberculous disease by Koch, in 1882, made possible the 
determination of the unity of its various manifestations, and later studies 
have clarified our knowledge of the character and course of such infec- 
tions, Buhl, as early as 1856, held that miliary tuberculosis was a specific 
infection resulting from a pulmonary cavity, or a tubercle elsewhere 
in the body, and that there was much the same relation between pul- 
monary and miliary tuberculosis as is observed in the association of 
pyemia and a local suppurating focus. The demonstration later of 
tuberculous disease of the blood-vessels, by Carl Weighert, servod to 
confirm this conjecture, though each recognized only the similarity of 
the pathological lesions and was ignorant of their existing cause. 

By whatever avenue or portal this bacillus enters the body and what- 
ever the medium of its transportation to its temporary or fina] lodgment, 
it excites in the normal tissue at this location an inflammatory process, 
varied only by its character, the number and virulency of the invading 
organisms and the vulnerability of the infected individual. The imme- 
diate effect is either a productive proliferation of new connective-tissue 
cells, an exudation from neighboring blood-vessels of white cells, or a 
destruction and necrosis of ethe old and new tissue cells. These 
processes may occur for the most part singly or in combination, at the 
same time, or in sequence as indicated. The latter is more commonly 
observed and, accompanied by the production and crowding together 
of connective-tissue cells and others of diverse morphology and origin, 
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poorly supplied with blood-vessels, and often obliterating those in its 
vicinity, it soon is characterized by the death of cells at its center— 
the so-called coagulation necrosis—and forms a miliary tubercle. 

A single miliary tubercle (so named because of its fancied resem- 
blance, In size at least, to the millet seed) may remain solitary, or may 
be closely surrounded by others forming conglomerate tubercles, each 
one a separate focus of infection, each exhibiting similar tissue struc- 
ture and inflammatory characteristics, and presenting the appearance 
of minute whitish-gray or yellowish, often glistening, slightly elevated, 
fairly dense nodules. When such miliary tubercles—especially those 
in which connective-tissue proliferation predominates—are thickly 
strewn upon the surface or throughout the parenchyma of an organ, 
this particular manifestation of the tubercle bacillus is termed miliary 
tuberculosis, and an inflammatory process of this character may and 
does occur in any part of the body, though it is found commonly in the 
lymphatic system, lungs, peritoneum, liver, spleen and kidneys. 

Mihary tuberculosis occurs, as a rule, in pulmonary tuberculosis, in 
association with other forms of tuberculous inflammation, and involves 
more or less extensive areas of the lung parenchyma and the pleura. 
Here the process is localized, partakes of the subacute or chronic type 
of the associated inflammations, and is often masked by them. 

When it occurs as a widely spread, rather than a localized inflamma- 
tion, involving simultaneously or in rapid succession many or even 
all of the tissues and organs of the body, it is known as acute general. 
malvary tuberculosis. 

This, therefore, must be considered, in its entity, as an acute infec- 
tious disease resulting from disseminated infection by the bacillus of 
tuberculosis and characterized pathologically by the development of 
miliary tubercles in all or many of the tissues of the body. While it is 
possible that so widely distributed an implantation of tubercle bacilli 
may oceur in a normal individual, as, for example, through the massive 
infection of a nursing infant by a tuberculous mother, it is necessary 
to assume, because of its frequent manifestation in adult individuals, 
often as a terminal stage in those known to be tuberculous, that it com- 
monly follows the abrupt, explosive discharge of tubercle bacilli from 
an established, though often unrecognized nidus or focus, in some 
organ. Such a source of infection may be a lymph-node, suddenly 
emptying its necrotic contents into the lymphatic circulation, or a 
similar tuberculous process elsewhere eroding a pathway into the arterial 
or venous blood stream. However such metastasis may come about and 
by whatever route the tubercle bacilli travel, the latter are the etiological 
factors primarily responsible for the pathological tissue phenomena 
and the clinical symptoms characterizing this one of the varied mani- 
festations of tuberculosis. 

From the above, it is obvious that the syndrome of general miliary 
tuberculosis will either depend for its occurrence upon an accompanying 
tuberculous lesion already manifest or appear as a systemic condition 
developing apparently de novo and without recognizable preliminary 
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evidence of disease. In the former instance the patient will have 
exhibited clinical symptoms, or physical examination will have disclosed 
the existence of tuberculosis, perhaps manifestly situated in the lungs 
or pleura, in one or more of the lymph-nodes or in the bones or joints, 
especially in children, and under such circumstances the diagnosis pre- 
sents no great difficulties and is usually made. When, however, it is 
more obscurely located in the peritoneum or the genito-urinary appa- 
ratus, especially in men, or still more obscurely in the liver, spleen, intes- 
tinal tract or mesentery, and a widely disseminated systemic infection 
occurs, with few or no prodromal symptoms, in persons apparently 
well, it presents the picture of an acute infection. The diagnosis under 
these conditions is extremely difficult and often cannot be made except 
in the postmortem examination. Such a manifestation of tuberculous 
disease is clearly an acute general miliary tuberculosis in which the 
prognosis is hopeless. The occurrence, however, of miliary tubercles as 
a more or less localized inflammation accompanying other tuberculous 
lesions, while increasing greatly the gravity of the situation does not 
necessarily presage a fatal issue, even in the presence of cerebral symp- 
toms. The outcome here is dependent upon the extent of the tissues so 
involved, the virulency of the local infection and the resistance of the 
individual, and will, in general, be that determined by the preéxisting 
lesion. 

Symptomatology.—In order to study more in detail the symptoms 
produced by metastatic lesions of acute general miliary tuberculosis it 
is convenient and helpful to consider them as commonly encountered 
and as representative of three distinct types, each characterized by pre- 
dominating clinical phenomena. They are cerebral, pulmonary, and 
those of a systemic infection, the so-called ‘‘typhowd’’ form. Of these 
the cerebral or cerebrospinal type is most frequently observed in chil- 
dren. 

CEREBRAL Form.—Tuberculous, or basilar, meningitis, sometimes 
called acute hydrocephalus, may occur as an acute infection announced 
by rigors, nausea and vomiting, with sharp elevation of temperature. 
Usually, however, there are prodromal symptoms. In adults these may 
be increasingly obstinate insomnia, or persistent dull headache, frontal 
in type with more or less photophobia, or occipital or general in the cere- 
bra] areas. In children an insidious onset is marked by restlessness and 
irritability and there is loss of appetite aud weight. The more acute 
symptoms then occur, frequently with convulsion, in children, who, evi- 
dently in pain, indicate it by frequent sharp cries, waking from a sleep 
which is disturbed and fitful. Vomiting often continues and there is 
constipation. The temperature may be little elevated, but rises usually 
about three to four degrees, and the curve may be fairly uniform or 
marked by remissions. The pulse is rapid; there is rarely any re- 
spiratory disturbance. The pupils are usually contracted. 

These symptoms, indicative of irritation of the meninges, as a rule 
become less marked with the occurrence of exudation. The pain is less 
severe, the child is more quiet, becomes apathetic or may be delirious. 
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Vomiting may cease but constipation persists. The pulse becomes slow 
and irregular, sometimes intermittent. The pupils are unequal or dilated 
and sometimes strabismus occurs; there may be rigidity or retraction of 
the neck; and tonic spasm, or even paralysis of groups of muscles, of a 
limb, or one side of the body, is frequently noted. 

The condition presently becomes even more grave with the accentua- 
tion of these symptoms, the onset of coma or a low delirium, vesical 
and rectal incontinence, rapid pulse, and a low, often subnormal tem- 
perature, though an antemortem hyperpyrexia is frequently observed. 
Death occurs from exhaustion or respiratory paralysis in from two to 
four weeks after the time of onset. 

Certain cases of a fulminant type—as a rule in adults—occur with 
sudden, acute onset in persons apparently well, and terminate fatally 
in a few days, probably with limited localized areas of meningeal inflam- 
mation, or as the result of less massive or virulent infection. They may 
pursue a slowly progressive course for a number of months and present 
the phenomena of paralyses of varying extent and location or those 
simulating the symptoms produced by cerebral neoplasm. 

PuLMONARY ForM.—While the pulmonary form of miliary tubercu- 
losis may also be recognized with difficulty at times, as a rule some symp- 
toms are to be noted suggestive of involvement of the lungs which, to- 
gether with the always grave general condition of the patient, acsure the 
diagnosis. These symptoms may appear insignificant—a slight cough 
with scanty expectoration from which tubercle bacilli are usually absent 
—and the physical signs may be limited to the generally distributed, 
inconstant, medium subcrepitant rales of a moderate general bronchitis, 
but always dyspnea is pronounced and disproportionate to the apparent 
involvement of the lung parenchyma. A peculiar dusky pallor is strik- 
ingly evident and the patient presents an anxious, distressed appearance 
which is most characteristic. Osler is of the opinion that, with the ex- 
ception of emphysema and severe pneumonia, no other pulmonary con- 
dition presents such marked cyanosis. 

The onset may be abrupt in children, following pertussis or measles ; 
in adults with pulmonary tuberculosis or in those who have a slight 
cough with little impairment of health, it may closely resemble broncho- 
pneumonia, with rusty sputum, or even hemorrhages, but the symptoms 
become progressively more pronounced and the crisis does not occur, 
nor is clearing up of the often scattered areas of infiltration and inflam- 
mation observed. Prostration increases, the cyanosis and dyspnea be- 
come more severe, the temperature remains elevated, with occasionally 
slight remissions, the early physical signs of general bronchitis or 
bronchopneumonic areas merge into those of pulmonary edema and death 
ensues in a few weeks, but may be deferred for two to three months. 

TYPHOIDAL Form.—lIn the so-called typhoidal form the disease pre- 
sents much more clearly the picture of a general infection, since at the 
onset and throughout its course—certainly during the greater part 
of it—symptoms indicative of any localized lesion may be entirely lack- 
ing. It is more frequently observed in adult life and, though it may 
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develop acutely in persons apparently in normal health or in those recog- 
nized as tuberculous, the onset is much more commonly insidious and 
protracted and only malaise and progressive weakness, with fever, are 
notable. As these symptoms become more pronounced, some headache, 
a little cough occasioned by a moderate general bronchitis, and a dull 
or apathetic mental condition with considerable elevation of temperature 
and acceleration of pulse are observed. The fever is apt to remain con- 
tinuously high—102°-103° F. (38.9°-39.4° C.) (rectal)—with slight 
daily remissions, though, especially if there is much pulmonary lesion, 
these may be more marked, or the diurnal high point may occur in the 
earlier hours of the day. 

The spleen is frequently slightly enlarged and the skin sometimes 
presents pale reddish spots. Constipation is noted as a rule, the tongue 
is dry and coated, and the cheeks are flushed. With continued fever 
and progressive prostration, the mental torpor becomes deeper, active 
delirium often occurs, the heart action becomes more rapid and feeble, 
frequently there ensues marked dyspnea, with indications of menin- 
geal involvement, and death occurs in ten days to three weeks. 

INTERMITTENT ForM.—Some clinicians, notably Striimpell, have de- 
scribed an intermittent form. Here the period of illness is much more 
protracted, the symptoms already noted are usually not so marked, 
and chills and considerable remissions of fever suggest malaria. For 
none of them can an adequate physical basis be found. Prostration, 
anemia and emaciation are marked, and finally severe pulmonary or 
cerebral symptoms develop which are fatal. 

Diagnosis.—It must be remembered, however, that the types de- 
scribed are but the syndromes usually observed and that an infection 
which may, and often does, exert its baneful influence upon every tissue 
of the body is capable of exhibiting itself in ever varying combinations 
of symptoms; for this reason, in any obscure illness, which is in the 
slightest degree suggestive of a general infection, the presence of tubercle 
should be considered. It is evident that when tuberculous lesions are 
known to exist or when they can readily be discovered by careful physical 
examination, the diagnosis—except perhaps in the early period of onset 
—rarely is difficult. When, however, in adults or children—but espe- 
cially in the latter—the picture is that of an acute general infection, 
and no tuberculous foci are demonstrable, the diagnosis is always ob- 
scure and frequently is not determined even in postmortem examination 

CEREBRAL FormM.—The diagnosis of tuberculous meningitis, or, more 
properly, encephalitis, since involvement of the cerebral tissue is often 
demonstrable, in most instances, presents little difficulty. When, espe- 
cially in children, the onset is sudden and acute in persons apparently 
in perfect health and with no evident foci of tuberculous infection, the 
early symptoms may so closely simulate those of an acute infection as 
to cloud the diagnosis even for days. Indeed, such obscure tuber- 
culous foci as those located in bronchial or retroperitoneal lymph glands, 
the thoracic duct, or the prostate gland may easily be overlooked in the 
autopsy unless it is searching. However, the eventual appearance of 
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the characteristic symptoms of meningeal inflammation, especially when 
the implantation of tubercle has been previously manifest or sus- 
pected, soon establishes the diagnosis. In all doubtful cases the spinal 
fluid should be obtained by spinal (lumbar) puncture. This, when 
tuberculous inflammation of the cerebrospinal tissues is present, is in- 
erezsed in amount and consequently under pressure, is cloudy with 
:arge numbers of white cells of the small mononuclear lymphocyte type, 
its proteid constituents are augmented, and careful examination usually 
reveals the characteristic bacillus of tuberculosis. 

The meningitic form is at once the more frequent and the least 
obscure, for the evident severity of the illness, the marked prostration 
and the early appearance of grave cerebral symptoms clearly suggest 
the underlying cause. The demonstration of choroidal tubercles is de- 
cisive, but it is difficult and is rarely possible during life. The slow 
and irregular pulse in the early stages, dyspnea and cyanosis are, with 
the slight evidences of meningeal irritation, the most trustworthy diag- 
nostic indications. 

PULMONARY Form.—The pneumonic form from the outset, as a rule, 
exhibits symptoms referable only to the pleuropulmonary tissues and 
may simulate a lobar pneumonia or, more closely still, a bronchopneu- 
monia, The physical signs, usually slight, are those of a more or less 
extensive bronchitis, and evidences of extensive consolidation are lacking, 
though scattered areas of congestion may be found. The sputum is usu- 
ally not that characteristic of acute pneumoma, though it is often blood 
tinged, and may contain tubercle bacilli. The expected crisis of tem- 
perature does not occur nor does improvement in the symptoms, and 
these together with the dyspnea and cyanosis which are so much more 
marked than seems warranted by the pulmonary findings are usually 
sufficient to assure the diagnosis. 

TYPHOIDAL Form.—The typhoidal form of miliary tuberculosis is al- 
ways difficult and sometimes impossible to distinguish ante mortem from 
typhoid fever. Moreover, both infections may be contemporaneous. The 
diagnosis, if made, may rest on the evident severity of the illness with- 
out demonstrable lesions, the irregular temperature, or at least a fever 
lacking the characteristic onset and maintained curve of typhoid, the 
rapid pulse in contrast to the slow cardiac action usually observed dur- 
ing the early days in the latter disease, constipation rather than diar- 
rhea, the presence of tubercle bacilli in the sputum, urine, feces, spinal 
fluid or, rarely, in the blood, and especially the dusky color and labored 
breathing. The spleen may be enlarged, espectally in children, and un- 
fortunately Ehrlich’s diazo-reaction is frequently observed in the urine. 
The Widal agglutination phenomenon, however, is absent unless pre- 
ventive vaccination for typhoid fever has recently been done or the latter 
is also present. An indefinite roseola may be noted but it is not so 
characteristic, and in tuberculosis, purpuric or petechial areas are more 
common. A leukocytosis is more frequent in the latter, and in the 
former the diagnosis may be made by demonstrating typhoid bacilli in 
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Treatment.—A fluid or light diet must be ordered and careful at- 
tention given to its digestion, assimilation and excretion. In the ty- 
phoidal form tepid or cool water or alcohol sponge baths reduce the 
fever and add greatly to the comfort of the patient. Hydrotherapy in 
the form of wet packs is also useful. General cardiac and systemic 
stimulation is necessary, in the pneumonic form especially, together with 
mildly stimulating expectorants or local applications to the chest. For 
the relief of cerebral symptoms the ice-cap, systemic sedatives and 
narcotics, and occasionally the iodids, are indicated. 

The patient should have the unquestioned benefit of aérotherapy. 
This is best secured upon a properly constructed porch, but if this 
is not available the room may be widely opened to the outer air. In 
this case protection from direct, continuous draughts must be afforded 
and, in cold weather, proper body and bed clothing, with artificial heat, 
employed to secure entire comfort. 

Prognosis.— While recovery from acute miliary tuberculosis has been 
reported in a few instances, there is reason to believe that the diagnosis 
was not clearly determined, and it must be said that in each of its forms 
the prognosis is fatal. Nevertheless, and especially since the diagnosis 
is frequently obscure, appropriate treatment must be instituted, which 
obviously must be symptomatic in character. 
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Definition.—In sharp contrast to the manifestations of Bacillus tuber- 
culosis described in the preceding pages, are those which occur, for 
the most part with little or no pulmonary involvement, as lesions in 
the lymph-nodes of that other great circulatory system of the body, 
the lymphatic system, and in the serous membranes which it bathes and 
drains. The consideration and investigation which in recent years have 
centered upon the portals of entry by which the tubercle bacillus gains 
admission, and the avenues along which it is borne within the human 
tissues, have clearly shown the very great importance of the innumerable 
inlets and the widely distributed channels of the lymphatic system, as 
atris for such infection and routes for its dissemination. 

Etiology.—LocaLizaTION AND SPREAD OF THE ORGANISM IN THE Bopy. 
—There has been extensive and profitable investigation devoted to the 
anatomical distribution of these lymph-channels and to that of the 
lymph-glands or nodes, as well as to that of the more diffuse lymphoid 
tissue such as the tonsillar groups, and efforts have been made to de- 
termine the physiological function of these structures, particularly in 
their relation to the invasion of the body by pathogenic bacteria. To 
realize the importance of such studies it is necessary to consider only 
the fact that at every point where tissue surfaces are in direct contact 
with and therefore exposed to the lodgment of and infection by such 
organisms, they are abundantly supplied with lymphatic structures, 
which apparently serve as a first line of defense in preventing their en- 
trance to the surrounding tissues and the blood stream. In notable 
illustration of this may be instanced the lymphatic vessels and nodes 
guarding the entire surface of the nasopharynx, the mouth, the bronchi, 
the pulmonary tissue itself, and the gastro-intestinal tract, 1n which, 
as the so-called lacteals, the lymphatic channels are directly concerned 
in the process of assimilation of the products of digestion. It is, there- 
fore, in the performance of their apparently proper function, namely, 
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the obstruction and destruction of invading organisms, that the lymph- 
nodes become the sites of implantation of Bacillus tuberculosis, the 
most universal of these, and failing often as effective barriers, the lymph- 
channels become the paths of its invasion of the body. But frequently 
such implantation is confined to the lymphatic tissues, other structures 
remaining remarkably free from infection, and thus these tissues 
present manifestations of tuberculosis differing in many important re- 
spects from those occurring elsewhere. Speaking generally, it may be 
said that these manifestations, especially when they are limited to or 
chiefly located in the lymph-nodes, are more frequently observed in 
children. The older clinicians, considering them evidences of a con- 
stitutional impairment of health, termed them scrofula, and built up 
a literature about a so-called scrofulous or strumous diathesis which 
many of them believed was inherited, since it was commonly observed 
in the children of parents recognized as tuberculous. Even to-day, 
with our definite knowledge of the etiological factors of tuberculosis, 
and our clearer conceptions of pathological processes, there is not 
complete agreement that all such conditions are attributable to this in- 
fection, or that in any one individual it is solely responsible for the 
clinical picture presented. However, in view of the fact that the pres- 
_ ence of the tubercle bacillus can usually be demonstrated in such lesions 
and may reasonably be suspected even in more obscure and less char- 
acteristic manifestations, it is preferable to discard such indefinite and 
misleading terms and to think of all such conditions as the evidences 
of infection by this specific organism. 

Part at least of the uncertainty which has attended the study o7 
these forms of tuberculosis has resulted from the difficulty, and indeed 
in many instances the impossibility of demonstrating the presence of 
the tubercle bacillus either in the tissues involved or in the discharges 
from those in which disintegration occurs. But in part the uncertainty 
may be attributed also to the enormously important fact that in a very 
considerable proportion of the cases the bacillus recovered is of the bovine 
type. Park has shown that while this form of tuberculosis is rarely fatal 
in those over five years of age, infection of the lymph-nodes frequently 
occurs, and that 30 per cent. or more of such conditions in children 
between five and sixteen years are caused by the bovine bacillus. He 
estimates that 10 per cent. of all tuberculosis in children under five 
years of age is bovine in character. Northrup and Bovaird have re- 
ported tuberculosis of the lungs and bronchial lymph-nodes in 148 out 
of 200 children. The far-reaching significance of these investigations 
18 evident when the prevalence of cattle tuberculosis is also considered. 
Since cow’s milk forms so large a part of the food of infants and young 
children, the assumption seems justified that the lymphatic tissues of 
the mouth, pharynx and intestinal tract may play an important role in 
infections of such a character. As the trend of opinion becomes more 
and more convincingly in favor of the theory that infection takes place 
during childhood, and that the clinical tuberculosis of later life is but 
the activation and dissemination of long latent foci, the lymphatic mani- 
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festations of childhood assume a new significance and may no longer 
be regarded as local lesions of little menace and doubtful origin. They 
must rather be recognized as the most common source of tuberculous 
disease of adult life. From this viewpoint the early recognition and 
treatment of such conditions, and above all the prevention of such in- 
fections in children, become imperative, and should be assigned a larger 
share by far than they have hitherto been given in any adequate program 
of preventive measures, Such a program, since milk foods loom so largely 
as external sources of infection by Bacillus tuberculosis, must include 
the production of clean milk from tuberculosis-free cattle. 

Symptomatology.—The lymph-nodes, forming, as they do, barriers to 
the further progress of infection, are therefore the usual sites of 
lymphatic tuberculosis, and best exhibit its distinguishing features. 
These are, its local character, the various groups of nodes as a rule 
being involved singly; its indolent nature and tendency to heal; and the 
frequency on the other hand of suppuration and the establishment of 
chronic sinus tracts. The tracheobronchial group are most commonly 
involved, the cervical frequently, and the mesenteric and other lymphatic 
tissues less often. 

Tracheobronchial Glands.—Disease of the bronchial glands, especially 
in children, may be quite unsuspected, and it is difficult, often impos- 
sible, to confirm it by physical examination alone. It is of the utmost 
importance to consider, when continued, progressive, although slight 
impairment of health is observed, that the initial active stage of such 
an infection may be responsible for the condition. A child, apparently 
in good health, may gradually become over-fatigued by its customary 
play, while languor replaces its former exuberant vitality. There may 
be restlessness and irritability, especially during sleep, and loss of appe- 
tite, with a slowly progressive anemia and impaired nutrition. As the 
enlarged nodes encroach upon the bronchi pressure symptoms may de- 
velop. A sense of oppression or actual pain in the chest is experienced, 
with some dyspnea, especially on exertion, and a dry spasmodic cough, 
resembling that of pertussis, occurs, often with tinged expectoration or 
slight hemorrhages. The cardiac action is often irritable or accelerated, 
and dysphagia has been observed. Such slight symptoms, frequently 
unnoted, may then become less marked as the inflammation becomes 
more chronic in type. These children present, in later years, the char- 
acteristic appearance so often regarded merely as indicating delicate 
health, or perhaps as suggestive of actual pulmonary involvement. They 
are apt to be tall for their years, and undernourished, the pallor of the 
skin displaying clearly the bluish venules of the neck, chest and upper 
abdomen. The features are delicate and clearly cut, giving the face a 
pinched expression, especially if adenoid tissue, the pharyngeal tonsil, 
has become hypertrophied and obstructive. The hands are often cya- 
notice, cold and moist, the terminal phalanges being clubbed with convex 
nails, while the general cutaneous surface may be dry and exhibit scat- 
tered, scaling, eczematous patches. To some extent a hypertrophic 
rhinitis is often present, and infection of the middle ear followed by a 
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chronic discharge is not infrequent. The general musculature is re- 
laxed, the posture stooped, with bowed shoulders and prominent 
seapule, and the clavicular depressions are well marked. Occasion- 
ally the scaphoid sternum, so commonly the result of rickets, is 
observed. Palpation may reveal enlarged, deeply-placed nodes in the 
cervical chains, or in the apices of the axille, and tenderness to pres- 
sure over the thoracic vertebral spines has been noted. By careful, light 
percussion, one may detect an increase in the normal extent of vertebral 
dullness, and also of the area of paravertebral dullness over the lung hili, 
the alteration of the note extending beyond the usual lateral limits and 
as low as the fifth or sixth dorsal spine. If there is much enlargement 
of these nodes impairment of resonance, or even dullness, may some- 
times be elicited anteriorly over the sternal borders from the manu- 
brium to the fourth or fifth costal cartilage. In such conditions, as 
a result of pressure upon adjacent pulmonary tissue, bronchial breath- 
ing may be heard over the hilus areas, and it is usual to find some im- 
pairment and roughening of the normal vesicular murmur, with an 
increase in the intensity of the whispered voice. A venous hum has 
been described, to be heard over or near the manubrium, especially when 
the head is extended, caused by the pressure of the nodes upon the left 
innominate vein. The stereoroentgenogram undoubtedly furnishes the 
most reliable evidence of the extent and character of any infiltration 
of the tracheobronchial nodes. In addition to the effects already noted 
as the expression of this form of tuberculosis, slight elevations of tem- 
perature without other cause are frequently observed, especially after 
prolonged physical exertion, and undue fatigue, due to mild toxemia. 
There is always the serious menace of the extension of this tuberculous 
process to adjacent structures. Bronchopneumonie areas, notably those 
excited by measles and pertussis, may become tuberculous, and, by metas- 
tasis, tubercle bacilli may be implanted locally elsewhere in the body, 
or generally throughout its tissues, producing an acute miliary tuber- 
culosis. If the tubercles of these tracheobronchial lymph-nodes become 
necrotic, and suppuration of the nodes ensues, rupture of their purulent 
contents into the trachea or bronchi may occur with asphyxia. The 
esophagus, thoracic duct and mediastinal areas, or the aorta, pericardium 
and pulmonary vein may be involved and eroded. 

Cervical Glands.—Of the superficial lymph-nodes, those most usually 
involved are the cervical glands. If other sources of infection can be 
excluded, the diagnosis can readily be made, since the enlarged nodes 
ean be easily felt and seen. The submaxillary and the deep cervical 
groups are most frequently affected and the inflammatory process is 
characteristically chronic, although it may for a time present symp- 
toms of considerable activity with slight temperature elevation. It ex- 
hibits itself chiefly in children between infancy and adolescence but 
occurs also in adult life, and attacks one or a few nodes, more often of 
one side only, which are at first noticeable as distinct, slightly tender, 
freely movable nodules. Although at any time the inflammation may 
subside entirely, the nodes becoming fibrotic or even calcareous, as a 
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rule it progresses slowly and painlessly, extending to other adjacent 
nodes with periods of activity interrupted by long or short intervals 
of apparent quiescence, until an entire group has become enlarged, ad- 
herent, or more or less bound together by connective tissue. If un- 
treated, fully half of such conditions terminate in the typical coagula- 
tion necrosis of tuberele, suppuration occurs and discharges through the 
adherent and eroded overlying skin. Sinuses thus established are of a 
chronic type, healing with difficulty, if at all, and produce disfiguring 
sears. Bacillus tuberculosis is frequently absent from the purulent ex- 
udate which, however, is often pathogenic for experimental animals, 
and secondary infection of the sinuses by pus-producing organisms of 
the skin surface occurs as a rule and may produce symptoms of local 
or more general sepsis. Death, which rarely occurs otherwise, may 
result from this or from the implantation of pyogenic organisms or 
tubercle bacilli in other organs, from the amyloid degeneration of these 
organs, or from sheer exhaustion. But almost uniformly cervical adeni- 
tis, as generally observed in children, is associated with the various 
stigmata already indicated, without other pronounced symptoms, con- 
stituting the chronic stage of impaired health called scrofula but in 
fact dependent upon infection by the bacillus of tuberculosis and upon 
the systemic effects of its implantation in the lymphatic tissues. 
Mesenteric and Retroperitoneal Glands.—The mesenteric and retro- 
peritoneal nodes may be the site of tuberele and present the condition 
formerly often described as tabes mesenterica or abdominal scrofula. 
Usually seen in children, it occurs also in adult life in association with, 
or as the result of, other forms of tuberculosis, and while such an in- 
fection is known to be primary at times, it is probable that it is gen- 
erally secondary to tuberculous enteritis. When these lymph-nodes alone 
are involved and are of inconsiderable size, the condition may be un- 
recognized and without symptoms other than a general pallor with im- 
paired nutrition. The extension of such inflammation to the intestinal 
canal, or its association with it, is accompanied by marked symptoms, 
among which Intestinal indigestion and diarrhea are prominent and 
often severe. The stools are frequent, copious, watery, sometimes bloody, 
and of foul odor. The abdomen becomes distended, tympanitic and 
tender to pressure at the ileocecum, or the hepatic, splenic or sigmoid 
tlexures of the colon. If the nodes are sufficiently enlarged or adherent, 
dense irregular masses may be felt, which are not sensitive. When the 
visceral or omental peritoneum is invaded the abdomen becomes dis- 
tended, often partly by fluid, and is dense and hard on palpation. In 
some instances the nodes are sufficiently enlarged to produce pressure 
symptoms of pain and edema of the limbs. In children especially the 
superficial veins become dilated and prominent upon the pallid, dis- 
tended abdomen. Emaciation and prostration are progressive, accom- 
panied by moderate fever. With extensive or increasing intestinal 
ulceration, death ensues from inanition or because of the onset of active 
tuberculosis elsewhere. A localized inflammation may occur in the ap- 
pendix or cecum which, in the absence of other evidences of tuberculous 
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disease, may closely simulate an acute appendicitis. The general course, 
however, of mesenteric tuberculosis is toward caseation and less com- 
monly toward suppuration or calcification. 

Other Lymphatic Glands.—The other lymphatic glands, singly or in 
groups, may be the site of tuberculous inflammation, and exhibit its 
characteristic features, the local phenomena and the symptoms depending 
upon the situation of the glands—whether deep or superficial—and 
upon the extent of their involvement and the course of the inflammatory 
process. In rare cases a general lymphatic infection of many or of all 
of the nodes of the body occurs, with marked fever and prostration, 
which is rapidly fatal and has a close resemblance to Hodgkin’s dis- 
ease, the differential diagnosis in adults often requiring a microscopical 
examination of excised nodes, or animal inoculations. It is perhaps more 
frequently encountered in negroes. It has been observed to oceur with 
little or no evidence of tuberculosis elsewhere. 

Serous Membranes.—Finally, lymphatic tuberculosis may exhibit 
itself as an inflammation of the serous membranes, the pleura, peri- 
cardium and peritoneum, and although probably it is rarely the result 
of a primary implantation of tubercle bacilli, but 1s usually secondary 
to and an extension of infection from adjacent organs or lymph-nodes, 
such foci may be absent or latent and unrecognized, and the involve- 
ment of these membranes, occurring extensively and without warning, 
produces definite clinical pictures. In general, it may be said that these 
are of acute and more or less chronic types, the former presenting the 
svmptoms of a rapid and often fatal acute tuberculosis, the latter char- 
acterized by a subacute course with exudation and the occurrence of 
ulceration and suppuration, or by one of a still more chronic tvpe with 
connective tissue formation and fibrosis with little or no exudate. In 
these forms there may be no visceral lesions. 

Within such a group fall many of the cases of acute pleurisy, for 
while it must be admitted that larger or smaller areas of pleuritic in- 
flammation followed hy adhesions frequently result from exposure to 
cold and wetting, it is certain that a large proportion of such inflam- 
mations occurs in persons who later become tuberculous, and that search- 
ing animal tests disclose the tuberculous nature of the exudate fre- 
quently accompanying them. These conclusions are even more firmly 
supported by the group of subacute or more chronic type of cases in 
which a serofibrinous exudate usually forms. In these cases, although 
often entirely unsuspected, diseased bronchial lymph-nodes or pulmonary 
foci of tubercle infection are usually present. 

There are also pleurisies of sharply acute character, with large 
amounts of exudate which rapidly becomes purulent, which are often 
fatal. The tubercle bacillus may be accountable for these cases, but 
the primary character of such infection is not clear; on the other hand, 
postmortem and physical examinations sometimes reveal pleuritic 
changes so extensive and of such a chronic form, with massive thick- 
ening and adhesions, as to cast doubt upon the precedence of even the 
most advanced pulmonary lesions. 
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Finally, there are the forms, either of fairly acute or more chronic 
course, with exudation, which may be hemorrhagic, that occur in con- 
nection with the extension of a recognized tuberculosis from contiguous 
or distant organs, and are obviously the result of this extension. 

Briefly, these pleurisies present in general the usual symptoms of 
other pleuritic inflammations: pain, which may be sharp, lancinating, 
and heightened by inspiration, or dull, inconstant and aggravated by 
humid atmospheric conditions, together with more or less disturbance 
of temperature, elevation of the pulse, headache and malaise, ushered 
in by a chill or chilliness and by the sharp onset of constitutional effects, 
or marked by a more gradual progress. With the occurrence of exu- 
dation the pain and discomfort may be relieved, but dyspnea, cardiac 
displacement and other evidences of intrathoracic pressure may be noted. 
Physical examination does not always elicit classical signs, as these may 
be obscured by pulmonary lesions, but pleuritic friction sounds or dry 
erepitant rales are usually present. If exudation occurs the character- 
istic signs are obtained, or such modifications of them as are strongly 
suggestive of its presence, and in doubtful cases the exploratory needle 
or a roentgenogram are usually conclusive. Jn the more chronic types 
with thickened pleura, dullness, impaired or distant respiratory mur- 
mur, diminished voice conduction, and limited respiratory excursion 
of the thorax and diaphragm are usual. 

Next to the pleura the peritoncum is most frequently the site of 
serous membrane implantation of tubercle. This tissue is usually af- 
fected by miliary tubercles in as:ociation with lesions of a chronic 
type elsewhere, with general miliary tuberculosis, and, as has been noted, 
it is involved through extension from tuberculous Jymph-nodes of the 
retroperitoneal group. Fairly frequently, too, such a relation obtains 
between it and the internal genital organs of adults, or the intestinal 
eanal of children. In these instances, particularly in the latter case, 
since the intestinal mucosa may be penetrated by the tubercle bacillus 
without local infection, the inflammation may be primary in the peri- 
toneum. Here again it follows the familiar course of lymphatic 
tubercle, in that while an acute form with ascites or sanguineous ex- 
udate occurs, it may be latent, exhihiting few symptoms. More com- 
monly it is of the subacute or chronic type, with the development of 
small or large nodular masses which are accompanied by more or less 
exudation and fibrotic changes in the connective tissue, producing ad- 
hesions and matting together of these masses or of folds of the mem- 
brane itself. 

Inevitably the symptoms arising from tuberculous peritonitis are 
varied and the diagnosis is often difficult. It is found to be associated 
with chronic disease of other organs, and in itself simulates malignant 
neoplasm, its masses being mistakeu for abdominal tumor. It may simu- 
late appendicitis; or, because of its slow onset, abdominal distention 
and tenderness, with continued temperature, may be confused with 
typhoid fever. As a rule, except in the acute form, the temperature 
elevation is slight and subnormal temperatures have been noted in 
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the more chronic cases. Some ascites is usually found which, in con- 
jrncizon with tenderness on palpation, progressive impairment of nutri- 
tion and strength, the onset of intestinal indigestion, frequently with 
diarrhea and its generally chronic course, suggest its true character. 

Tuberculosis of the pericardium is described by some authorities 
as occurring more frequently than is generally supposed, although much 
less frequently than that of other serous membranes, apart from mani- 
festations of general miliary tuberculosis. It may remain latent and 
unrecognized during life or present symptoms of acute pericarditis 
with effusion, mitral valve disease or acute tuberculosis. 

Diagnosis.—The diagnosis of lymphatic tuberculosis, even in its most 
obvious glandular form, is not always clear. When the disease occurs 
insidiously—as it commonly does in children—with slowly progressive 
and slight indications only of general lack of resistance and impairment 
of health, the diagnosis must often be regarded as highly probable rather 
than as assured. The history is important, as a possible revelation of 
certain intimate and continued exposure to infection in infancy by 
contact with tuberculous parents, or quite as frequently with grand- 
parents or other relatives. The early diet of the child, especially the 
source and character of the bottle milk used and the occurrence of the 
acute infections—pertussis, measles and bronchopneumonia—may be of 
the greatest significance, especially if convalescence has been delayed 
or impairment of health has followed closely upon these infections. 
Although the symptoms, usually vague in their onset, may be dependent 
upon conditions other than tuberculosis, this possibility must be con- 
sidered first, unless it can be definitely excluded. 

Tuberculosis of the tracheobronchial lymph-nodes almost uniformly 
produces cough, which, unlike that of pertussis, is unproductive, and 
which is less paroxysmal and emetic, and is usually accompanied by 
some dyspnea or even by frank attacks of asthma and slight cyanosis. 
Tenderness to pressure over the mid-dorsal vertebral spines, abnormal 
dullness over them, and over the paravertebral areas, with harsh or 
bronchovesicular breath sounds and intensified whisper, are the char- 
acteristic physical signs. Bronchoscopy is a useful diagnostic pro- 
cedure and in all cases stereoscopic roentgenograms should be studied. 
Such plates are not only immediately useful but, in doubtful cases, are in- 
valuable as a permanent record for comparison with others which should 
be made later at intervals not greater than six months. This should 
be done by one experienced in such work, as a proper interpretation 
of the roentgen findings 1s difficult and highly important. If considered 
carefully and in connection with the symptoms and physical signs, ac- 
curate diagnosis is possible. Information may also be obtained bear- 
ing upon prognosis, based upon the character of the lesions and their 
probable activity. 

DIFFERENTIAL D1aGnosis.—Tuberculosis of the cervical glands is sel- 
dom confusing. It must, however, be distinguished from syphilis, in 
which there is a more general involvement of the superficial nodes of 
a more dense character with less tendency to degeneration and prompt 
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response to treatment. The Wassermann test is helpful and a micro- 
scopical examination or animal Inoculation of excised tissue conclusive. 
The latter procedures also definitely differentiate tuberculous adenitis 
from the leukenvas and malignant disease. 

Abdominal tuberculosis, of whatever origin, or whatever tissue is 
involved, presents greater difficulties in the absence of characteristic 
constitutional or functional disturbances. ILere also syphilis may be 
readily eliminated, but neoplasin, cystic or solid tumors of benign char- 
acter, hernia and tube or appendtr inflammations are often closely simu- 
lated. Careful search for latent foci of tuberculosis in the lungs, pleura 
or other organs may be well rewarded. Tenderness to general palpa- 
tion, irregular temperature manifestations, and gastrointestinal svmp- 
toms are more common in tuberculous disease. Roentgen examination 
should be made in all doubtful cases, but especially in those exhibiting 
the latter svmptoms. 

Tuberculosis of the other superficial groups of Iymph-glands is as 
a rule readily recognized, even in doubtful cases, by the exclusion of 
syphilis, the absence of foci of pyogenic infection, and by laboratory 
methods of investigation. Tuberculin tests, particularly in younger 
children and infants, furnish reliable information regarding the pres- 
ence of tubercle implantation and, even in adults, probably also some 
indication of its activity. Certainly in obseure cases they should not 
be omitted. 

Treatment.—ProrpHyYLAXIs.—No consideration of treatment may omit 
preventive measures. The conviction of the present day that much of 
the tubereulosis of adult life has its origin in foci of tubercle bacilli 
implanted in the tissues of the child, renders imperative the exertion 
of every effort to avoid such infection. The infant should be removed 
from tuberculous parents—particularly from the mother—if their dis- 
ease is at all advanced, especially during the earlier years of the child's 
life, in which the fatality of infantile tuberculosis is high. Even older 
children should be guarded from the ever present and almost in- 
evitable danger in the intimate daily contacts with tuberculous members 
of the family. This presents a problem of the greatest diffieultv, but 
the solution is not impossible and must be found if tuberculosis is to be 
successfully combated at its source. It involves careful physical ex- 
amination of all those members of the family, and servants as well, who 
are the associates of children. Such measures are difficult enough in 
the homes of those sufficiently intelligent and financially able to un- 
dertake them; for those who are unable to do so, assistance must be 
provided by governmental resources by means of preventoria and 
family supervision. Since the resistance of the infected individual plays 
so important a role in determining the course and result of infection, 
it is of the greatest moment that the food, hvwing and sleeping rooms, 
and daily life of infants and young children should be so controlled 
as to Maintain this resistance at the highest point. Unfortunately ar- 
tificial feeding must be advised in manv Instances, and milk known to 
be free from bovine tuberculosis is essential. Tf it is not positively 
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known to be sterile it must be pasteurized. The child should be ac- 
customed early to open air life, and every precaution taken to avoid 
dust-borne infection from floors, draperies and furniture. 

The tubercle bacillus is ubiquitous, and as children grow older, ven- 
turing farther and farther from such close supervision and control, in- 
fection is probably inevitable, but if they have been shielded from it 
during the earlier years its malign influence and effects are somewhat 
mitigated. Indeed, there is good reason to suppose that, massive in- 
fection having been avoided in the most susceptible period of life, 
slighter and perhaps repeated implantations of tubercle bacilli, which 
remain inactive, are helpful in establishing some degree of immunity 
to the disease. However this may be, attention should at this period 
be further directed to the maintenance of physical health, not only by 
daily hygiene, but also by the correction of any abnormal conditions 
of the body, especially of the nasopharynx and respiratory tract, which 
may favor the entrance of the bacillus, through the portals of the 
Ivmphatic system. 

GENERAL MEASURES.—The treatment of lymphatic tuberculosis, when 
its presence is suspected or manifest, may happily be undertaken with 
confidence. To build up and maintain at the highest point individual 
resistance should be the first consideration, and this is best accomplished 
by the now well-recognized and understood dietetic and hygienic meth- 
ods in which proper and sufficient food, high in fat values, properly 
regulated rest and exercise, and continuous aerotherapy are the chief 
factors, together with symptomatic and tonic medication, For the more 
pronounced infections and impairments of resistance and health a sana- 
torium régime is advisable, preferably carried out in the home, if it 
is possible to maintain it. An advantageous climate should be chosen, 
and it is noteworthy that some forms of tuberculosis in children, par- 
ticularly bone and joint lesions, respond more favorably to sea air 
than to that of mland elevations. In children of school age, whose 
nutrition and physical development have been much impaired, a school 
should be selected in which a fair amount of study time may be so 
arranged as to leave half the day free for outdoor exercises, adapted to 
the needs and limitations of the individual and supervised by com- 
petent instructors. Such children are, as a rule, mentally alert and 
ambitious, and will not for long brook prohibition of their studies, nor 
indeed will the best results be obtained by this method. 

MEDICINAL TREATMENT.—Probably in no other form of tuberculosis 
is tuberculin so valuable and sure in its beneficial effects. Many com- 
petent observers regard its therapeutic results as at best unproven in 
pulmonary lesions, but in properly selected cases and in experienced 
hands, lymphatic tuberculosis, particularly glandular involvement, is 
undoubtedly benefited by its careful administration. 

HELIOTHERAPY.—The value of heliotherapy in the treatment of gland, 
bone and joint lesions is well established, but it requires for successful 
application conditions not readily obtained, and has been little employed 
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in this country. A high elevation in a dry equable climate, in which 
unclouded sunlight is uniformly available, is essential. 

Artificial substitutes for the actinic rays of solar light, in the 
roentgen ray, the quartz lamp or the Hewitt hght, have been employed 
with fair success. Since the dangers of the roentgen ray have been 
largely avoided by accurate measurement and control of its penetra- 
tion and dosage its value in the treatment of glandular lesions has 
been attested by various observers. However, these remedial agents 
should be employed only by those familiar with their technic and 
effects, and they should be used only as adjuvants to the usual general 
hygienic measures, never in place of them. 

SURGICAL TREATMENT.—Many cases of cervical adenitis will require 
surgical treatment, either for the extirpation of the enlarged glands, 
or for proper drainage of those which are necrotic and suppurative. 
If, however, the condition is not regarded with indifference in the 
early stages of infiltration, and energetic, proper methods of treat- 
ment are promptly instituted, such radical measures will be less often 
necessary, and disfiguring scars may be avoided. 

Prognosis.—The prognosis of lymphatic tuberculosis must obviously 
depend upon various factors. Of these, early recognition of the dis- 
ease is of the first importance, since prompt measures may then be taken 
to modify or improve the local environment and régime of the patient, 
to the end of increasing the resistance to the invading tubercle. 

The outlook is unquestionably less favorable when the definite activ- 
ity of the disease and its symptomatic expression occur in the early 
months or years of infancy and young childhood, for in later years 
some degree of adequate resistance is acquired and, more important 
still, the lesions tend characteristically to become less active, more sub- 
acute and chronic. 

The type of infection has a significant bearing upon the outcome, the 
human bacilli being as a rule more virulent than the bovine. 

The location of their implantation, the massiveness of infection and 
the extent of tissue involvement obviously influence the result of treat- 
ment, no matter how appropriate and effective it may be or how promptly 
instituted. In general, it may be said that the lesions of lymphatic 
tuberculosis, while in themselves frequently fatal, are more commonly 
the cause of impaired health only. They tend to chronicity and yield 
favorably to proper care and management, but it must never be for- 
gotten that they constitute a constant menace to the life of the patient 
and provide the foci for severe and fatal forms of the disease. 

Pathology.—The pathological changes produced in lymphatic tissue 
by the implantation therein of Bacillus tuberculosis are not essentially 
different from those elsewhere observed. The characteristic miliary 
tubercle is formed singly, or 1s thicxly strewn in the walls of the lymph- 
channels, projecting into and sometimes occluding them. As degenera- 
tion—the so-called coagulation necrosis—proceeds, its products, and the 
tuberele bacilli are borne to new areas of implantation, frequently by 
way of the thoracic duct and blood-vessels, through erosions of their 
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walls, by the extension of these inflammatory processes to them from 
adjacent lymph-nodes. The latter alone may be involved either singly 
or in groups, as is frequently observed in the cervical adenitis of chil- 
dren, or such infections may occur in single nodes or groups of nodes, 
in widely separated regions of the body. In the early stage of such 
inflammations, the nodes appear little changed, being injected and softer 
than normal or somewhat infiltrated and firmer, with here and there 
small whitish or grayish translucent spots, the miliary tubercles. Eventu- 
ally these coalesce; often several nodes become adherent, degeneration 
occurs, and the products of necrosis extend to neighboring tissues or 
to the cutaneous surfaces, establishing sinuses which are slow to heal. 
The chronicity of such nodal lesions is notable, especiallv in children, 
and is often accompanied by the formation of dense connective tissue, 
the nodes themselves becoming dry, firm and bound together in a dense 
mass. While tubercle bacilli are commonly absent from the purulent 
material of such lesions, they are usually to be found in the tissues 
producing it. 

Such inflammatory processes as these occur with no important varia- 
tion of their character and course, whatever their anatomical situation. 
Whether this be bone or joint, tonsil or lymph-node, peritoneum or 
other lvmphatic tissue, the exciting cause is to be found in the implanta- 
tion and growth therein of Bacillus tuberculosis rather than in the 
simple adenopathies and tissue hyperplasias so often formerly con- 
sidered evidences of a scrofulous diathesis. As has been pointed out, 
the bovine type of bacillus is frequently identified in such tuberculous 
lesions of lymphatic tissue, and while morphological differences be- 
tween this and the human bacillus are slight and often inconstant, 
certain definite cultural distinctions have been established which are 
fairly conclusive. The type may always be definitely determined, how- 
ever, by animal inoculation. Marked differences in virulence are in- 
variable, rabbits, for example, being much more susceptible to the 
bovine type, while, on the other hand, the human bacillus is but slightly 
pathogenic in cattle. It seems probable that these characteristics may 
also determine and explain to some extent the chronicity and sluggish 
activity of lymphatic tuberculosis in human tissues, which, as we have 
seen, are often infected by the bovine type. 
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In considering the subject of rheumatic fever, one cannot sufficiently 
emphasize the severity and extreme prevalence of this disease and its 
economic importance. Rheumatic fever must be considered as essentially 
a disease of the heart and, in this regard, a severe and crippling disorder. 
It is in no sense limited to the joints, as the joint manifestations are 
ever transient, though their severity in the acute stage has pushed them 
into the foreground. In any hospital ward, designated for chronic cases, 
a large number of the patients are cripples on account of cardiac 
breakdown. Of these, a very large proportion show a clea: history of 
rheumatic carditis. These patients are, as a rule, young adults, entirely 
incapacitated as wage earners, or working only sporadically and for 
shorter and shorter periods. The mortality records show cardiac dis- 
eases as one of the chief causes of death. While it 1s impossible to say 
just what proportion of the cardiac deaths are caused by rheumatic 
carditis, it 1s certain that the percentage is very high. Cabot,’ in an 
analysis of the autopsy records of 600 cases of fatal heart disease, finds 
278 which he classes as certainly rheumatic in origin. As Poynton? 
remarks, ‘‘The resigned acceptance of the fact that hundreds of voung 
lives are damaged by rheumatism contrasts vividly with the extraordi- 
nary efforts that are made to prevent tuberculosis.’’ The campaign 
waged against tuberculosis is widespread and is becoming well-nigh 
universal, The subject of the prevention and cure of cancer has occu- 
pied many institutions established and maintained for this particular 
purpose, though cancer is less serious sociologically than rheumatic 
fever, in that it attacks more frequently the aged, and it does not produce 
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cripples. Yet rheumatic fever, with its always resulting carditis, has not 
been sufficiently considered as a public menace to seriously engage the 
attention of the medical profession as a whole. To Poynton, however, 
who has not ceased for eighteen years to insist on the infective nature 
of rheumatic fever, must be accorded recognition for the tireless and 
effective manner in which he has insisted on its serious aspect, and em- 
phasized its importance aS a menace. 

It is still common practice to allow a rheumatic patient to get out of 
bed as soon as his temperature has reached the normal point and his 
joint pains have entirely ceased, and to allow him to escape medical 
supervision at this point. How often a patient suffering from cardiac 
decompensation, and close to the point of death, will say, ‘‘ Last year I 
had an attack of rheumatism, but it didn’t amount to much, and I was 
back at work in two weeks. The prevention of rheumatic cardiac dam- 
age can be attained only when the prevention of rheumatic fever has 
been accomplished, but a realization by the medical profession generally, 
and a proper emphasis and endless reiteration in the teaching of med- 
ical students, of the need for careful cardiac examinations and prolonged 
after-treatment and rest in every case of rheumatic fever and chorea, 
and the viewing with suspicion all cases of repeated tonsillitis would 
result in a tremendous lessening in number of the pitiful cardiac crip- 
ples who fill our hospital wards, or are supported by their struggling 
families through years of idle misery. In the lay mind, and, unfor- 
tunately, in the minds of some physicians, acute rheumatism is still looked 
upon as a disease of the joints which may possibly go on to chronic 
arthritis. By general acceptance, the designation acute articular rheuma- 
tism has been changed to rheumatic fever. Could the term rheumatism 
be dropped altogether and could a name more expressive of the true 
nature of this disease be generally applied to it, as infective carditts, or 
cardgac fever, possibly more attention would be paid by the physician to 
the serious aspects of the disease, with less neglect of the diseased and 
laboring myocardium, and more obedience elicited from the patient. 

Etiology.— THe Speciric OraanismM.—While details regarding the 
virus of rheumatic fever are still in doubt, it seems certain that the 
disease is caused by a micrococcus showing certain general character- 
istics. There are three views worthy of consideration : 

1. The so-called Diplococcus rhewmaticus of Poynton and Paine, re- 
ported in 1900, and probably the same organism as that reported by 
Westphal, Wassermann and Walkhoff * in 1899 as isolated from a case of 
chorea and rheumatism, is held to be the specific cause of rheumatic 
fever. Its cultural characteristics may vary to some degree and its 
disease-producing effects differ according to factors of individual resist- 
ance. The arthritis, endocarditis, chorea and other rheumatic mani- 
festations are due to the actual presence of the specific organism in the 
affected tissues and the toxins there elaborated. Cultures of this organ- 
ism injected into rabbits will produce a non-suppurative arthritis and 
endocarditis. 

2. Another view held is that rheumatic fever is caused not by one, 
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but by any one of a number of varieties or distinct species of streptococci, 
which, however, show certain characteristics in common, being as a rule 
of comparatively Jow virulence and non-hemolytie. 

3. The view of Rosenow,‘* corrobated by Billings® and by Barker ° 
and Bloomfield, that in rheumatic fever there is a definite infecting 
agent, a streptococcus, which is extremely susceptible to environment, 
and may, under changed cultural conditions, vary its characteristics as 
to morphology, virulence and disease-producing ability, resembling a 
streptococeus of various classifications, a pneumococcus, or other organ- 
ism, and exhibiting under different conditions definite affinity for dif- 
ferent tissues or structures. This organism, in its various strains, can 
by proper cultural methods be isolated from the blood or joint fluid in 
practically all cases of rheumatic fever and will reproduce the same 
type of disease upon injection into animals. 

It will be noted that the apparent divergence of these views is not 
of prime importance as regards the etiological entity. The question may 
be one entirely of the bacteriological classification. The element of 
change of characteristics under various conditions of environment intro- 
duced by Rosenow becomes one of great interest, and serves to emphasize 
the importance of the observation that the factors of individual resistance 
and tissue susceptibility have an important bearing on the development 
of rheumatic conditions. Throughout the history of the search for the 
infecting organism is noted the feeling by all observers that constitu- 
tional conditions of the patient altered profoundly the development of 
the disease, and, while of great interest from a bacteriological point of 
view, the question as to whether a diplococcus may be altered in mor- 
phology and cultural characteristics by its environment to such a degree 
that it falls into an entirely different class is not a vital point as far 
as rheumatic fever is concerned. Bacteriological classifications are arti- 
ficial and arbitrary limitations, and are constantly being changed. The 
eriteria by which Poynton and Paine originally classed their different 
strains as a single species are different from those now employed and 
are inadequate according to the present day standards. 

Achalme* endeavored to demonstrate that rheumatic fever was 
caused by a large bacillus. In attempting to confirm this work, Tribou- 
let and Coyon,® after finding Achalme’s organism, isolated also a small 
diplococeus similar to the organism found later by Poynton and Paine 
and by them designated the Diplococcus rheumaticus. 

Singer ® held that rheumatic fever was caused by attenuated strains 
of pyogenic organisms, either staphylococci or streptococci, which had 
under unfavorable conditions of growth lost much of their virulence. 
Sahli considered the disease to he due to staphylococcie infection proba- 
bly in attenuated strain, and Meunzer,’® through experimental work, con- 
cluded that rheumatic fever was the result of certain individual reac- 
tions on the part of the patient, which permitted an infection by any 
ordinary mouth organism to result in a specific group of manifestations. 
Lewis and Longeope "! produced arthritis in rabbits by injecting a strep- 
tococcus isolated from a case of endocarditis, arthritis and chorea. They 
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considered this organism identical with that isolated by Poynton and 
Paine. 

Previous to the publications of Poynton and Paine in 1900, numerous 
reports from various sources tended to confirm the findings of one or 
another original view, but no definite conclusions crystallized themselves 
out of the mass of observation. There was noticeable, however, the fre- 
quent co-relation of associated lesions, as endocarditis, pericarditis and 
chorea or cerebral lesions, with the arthritis, through experimental in- 
fections and pathological findings. There was also noticeable the asso- 
ciation of rheumatism with tonsillitis and the tendency to observe varia- 
tions in the virulence of strains of various organisms and in their la- 
bility to alteration by factors of individual resistance on the part of the 
host. During this time was likewise noticeable the abandonment of the 
theories that rheumatism was a chemical or metabolic intoxication, or 
was due to atmospheric or climatie conditions. 

Rosenow’s results have been subjected to much adverse criticism. 
By special methods concerned principally with the question of oxygen 
tension, he has been able to isolate a streptococcus from practically all 
joint lesions and also with great regularity from the circulating blood 
and from affected tissues. The fact that other capable investigators have 
been unable to demonstrate infection in anything approaching the same 
proportion of cases need not detract from the importance of his find- 
ings. Barker ® corroborates Rosenow’s results as follows: 

‘‘My own observations had, up to the time of Rosenow’s work, kept 
me skeptical regarding a bacterial etiology. I was strongly of the opinion 
that acute articular rheumatism was due to some virus wholly different 
from any ordinary form of bacterium, a virus that seemed to attack the 
tonsils, with subsequent virusemia, metastatic virus infection of the 
joints and sometimes of the endocardium. 

‘“Rosenow is, however, such a careful worker that any statement he 
makes must be given careful consideration. At my request one of our 
staff, Dr. Arthur Bloomfield, went to Chicago, where Dr. Rosenow kindly 
instructed him in his technic of making cultures from the blood and 
from the lymph glands, in acute and in chronic polyarthritis. On re- 
turning to the clinic in Baltimore, Dr. Bloomfield has been able, by these 
methods, to isolate from the blood and from the lymph glands, in arthritic 
cases, streptococci apparently identical with those described by Rose- 
now. There can be no doubt that by Rosenow’s method bacteria can be 
grown from many patients when cultures made in the ordinary way 
remain sterile.’’ 

Swift and Kinsella,’? on the other hand, conclude that: 

‘‘1. Cultures of the exudate aspirated from the joints in acute rheu- 
matie arthritis have been uniformly sterile. 

‘*2. Non-hemolytic streptococci have been recovered in blood-culture 
from less than 10 per eent. of patients suffering from acute rheumatic 
fever. 

‘¢3. Similar streptococci have been recovered from the active endo- 
cardial lesions in only half of the fatal cases of acute rheumatic fever. 
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‘4. From the above results it seems evident that no type of strep- 
tococcus has been constantly associated with acute rheumatic fever. 

‘*5, We do not feel that the etiologic relationship between the strep- 
tococeus and acute rheumatic fever has been definitely proved, but if 
the streptococcus is the etiologic agent in acute rheumatic fever, it is 
shown by means of cultural and immunologic studies that it is through 
various members of the viridans group, and hence no one member can be 
ealled the Streptococcus rheumaticus.’’ 

Henrici’s ** experimental work indicates that various types of strep- 
tococci can produce lesions identical with those of rheumatic fever. 

The conclusion may now be drawn as firmly established, that rheu- 
matic fever is an infectious disease due to a specific organism (and that 
various strains can in some degree alter their properties of virulence 
and their cultural peculiarities under certain conditions), or to members 
of a group of organisms closely related by similar characteristics. How 
these various strains are to be classed is a matter of bacteriological classi- 
fication and nomenclature, and while it is interesting to speculate on the 
future course of events, as to whether the tendency toward simplifica- 
tion initiated by the work of Rosenow, or of elaboration in classification, 
as practiced by Horder,'* will eventually be accepted, such speculation 
need not concern us at this time. 

One point must be borne in mind in viewing the evolution of ideas 
concerning rheumatic fever, and that is the confusion existing regarding 
the diagnosis of rheumatism. Much work was done on cases of chronic 
arthritis and septic arthritis, then considered to be identical with rheu- 
matic fever, which actually could only tend to a confusion instead of a 
clearing up of the question. 

Mode of Infection.—Regarding the point of entrance of the infec- 
tion, clinical experience as well as experimental work points more and 
more clearly to the tonsil as the usual original offender. Tooth and gum 
infections probably also play an important part; sinus infections cer- 
tainly do. Other focal infections to be sought are in the prostate, sem- 
inal vesicles and in the fallopian tubes, also in the gall-bladder, the 
appendix and the renal pelvis. All of these sites are subject to suspicion 
in chronic arthritis (rheumatoid arthritis), particularly the teeth and 
gums, but in the vast majority of cases of rheumatic fever the tonsils 
will be found to be the seat of chronic infection. Rosenow appears to 
believe that the tonsil offers the optimum of conditions favorable to the 
development of the causative organism to a condition in which it is 
eapable of causing the symptom-complex known as rheumatic fever, and 
this view fits the case in all aspects better than other hypotheses ad- 
vanced. 

Resistance of Host.—Starting from this point it is, necessary to con- 
sider another important factor, that of the individual resistance or 
susceptibility of the host, after general infection has taken place. It is 
well recognized that rheumatic fever in its course shows a tendency to 
proceed along certain lines of development, separating into classes or 


types. Some cases (a) are marked chiefly by the severity of the arthritic 
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symptoms, showing little tendency to cardiac involvement, (b) others 
drift into a state of chronic bacteremia with anemia, progressive ulcera- 
tion of the valves and myocardial degeneration, while still others (c) 
show a marked tendency to progressive fibrotie changes after slight 
initial involvement, developing particularly mitral stenosis, pericarditis 
and fibroid myocardium with possibly chorea as an added symptom. 
The chief factor in determining the tendency of the disease to proceed 
along one or the other of these lines appears to be the age of the patient 
and to a less degree the ser. This tendency is particularly marked in 
the first and third classes. The arthritic type, if it may be so desig- 
nated, belongs to adult life, while we expect mitral stenosis and peri- 
carditis in childhood, and in girls and young women and in young 
men of the so-called feminine and thymicolymphatie types. The fre- 
quent observation that girls in general preserve the tendency toward 
the progressive fibrous changes to a greater age than boys, and that 
this type of disease development is found particularly in a type sup- 
posed to be characterized by endocrine abnormalities is suggestive, but 
our knowledge of the functions of the so-called internal secretions is still 
too hazy to permit of definite application in this case. The writer has 
no statistics bearing directly on this point, but has remarked for some 
vears an apparent frequency of mitral stenosis in this type of indi- 
vidual.* 

One well-defined line of investigation bearing on this point is sug- 
gested by the work of Jobling on the ferment and antiferment balance in 
states of disease. It 1s conceivable and seems even probable that altera- 
tion of the antitryptic properties of the blood may be a practicable meas- 
ure for the control of the fibroid proliferation. In spite of the great 
work of Jobling, Petersen and others on this subject, data are still insuf- 
ficient for positive deductions. Two years ago the writer, with Dr. 
Jonas, started an investigation of this subject to determine, if possible, 
the average antitryptic value in the blood of normal children and adults, 
and also of rheumatic subjects having the various types of disease, hoping 
to note the effect of treatment aimed at the prevention of fibroid heart 
lesions. The time required was found to be so great in amount that we 
were unable to pursue our investigations beyond the preliminary stages, 
but a recent article by Petersen indicates that his skill and experi- 
ence in this work are being appled to this important phase of the 
question. 

Changes Caused in the Tissues —The question of how much change 
in various tissues is due to active inflammation caused by the local pres- 
ence of bacteria and how much is caused by a general toxemia is diffi- 
cult to determine. In the case of the joints, very active inflammation 
will subside in the course of an hour, at times, under the influence of 


*Sinee the above was written, Symmers reported the autopsy results in 249 
cases of status lymphaticus examined at Bellevue Hospital: 51 showed acute en- 
docarditi:, in 26 cases this being superimposed on chronic valvulitis, the valve lesions 
not specified; 37 others showed chronic valvulitis, mitral 12, stenoses 5, and aortic 
and mitral disease 10. The writer would have expected the incidence of mitral 
stenosis to be higher than shown in this series.” 
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intravenous medication. As these measures apparently do not eradicate 
the infection when it is well established, the promptitude of its activity 
appears to point to a detoxicating effect and makes it seem that the 
synovial changes might be largely toxic instead of depending on the 
presence of bacteria in the joint. Regarding the myocardial involve- 
ment, it is clearly demonstrated that an infective condition is largely re- 
sponsible for the valvulitis, but there are certain signs which indicate that 
a toxic swelling of the endocardial and myocardial tissues may exist dur- 
ing the acute stages, which tends to disappear with the subsidence of the 
fever. The apical systolic murmur frequently present in the acute stage 
(in the absence of marked dilatation) and disappearing with the symp- 
toms of active infection, has been ascribed, whether correctly or uot 
cannot be said, to a toxic swelling of the myocardial fibers making up 
the mitral ring. It is assumed that when they are swollen and stiff 
the ring cannot contract during systole, as it is normally supposed to do, 
and leakage results. A case of heart-block, occurring during rheumatic 
fever, reported by Neuhof?!* showed prompt clearing up on subsidence 
of the acute attack. 

The etiology of rheumatie fever covers the etiology of carditis, but 
a word must be said regarding the pathogenesis of chorea. It seems 
certain that infections other than the rheumatic infection may at times 
show chorea as a symptom, yet, as a rule, chorea is rheumatic 
fever. 

The pathology of chorea has been studied notably by Poynton and 
Holmes, who examined three cases within a month’s time. These all 
showed marked hyperemia of the brain and the presence of thrombosed 
vessels, inflammatory reaction with round-cell infiltration about the ves- 
sel, degenerative changes in the cells of the vortex, and diplococei similar 
to those recovered from the heart valves were found in the pia and in 
the walls of the cerebral vessels. 

Reginald Miller 77 states that ‘‘in chorea we have histological evi- 
dences of two sets of changes in the central nervous system: (a) peri- 
vascular inflammatory changes from the presence of infective organisms 
and (b) toxic changes in the cells of the cerebral cortex. It 1s probable 
that many slight cases of chorea are due to a rheumatic cerebral toxemia 
rather than a cerebral infection.”’ 

All recent researches of this condition tend to establish still further 
its identity with rheumatic fever. Detailed consideration of its pathology 
and treatment will be considered elsewhere.* 

PREDISPOSING CAUSES.—Racial differences do not seem to strongly 
affect the predisposition to rheumatic fever and in temperate climates no 
race seems immune. It may be that a tendency to fibroid lesions is 
more marked among negroes than with white people. While the natives 
may seem to be immune in the tropics, they develop rheumatic fever 
when coming to colder climates. 

Heredity is held by Dr. Cheadle to be a strong factor in determining 


* Abstracts of recent articles regarding the etiology and pathology of chorea 
will be found in Revue neurologtque, 1914-1916. 
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a susceptibility to the disease. He finds 23 out of 30 cases giving a 
definite family history and considered that 70 per cent. of his private 
cases showed a definite family tendency; but there 1s a vagueness about 
all the information tabulated on this score which renders reliable de- 
ductions difficult. It is impossible to judge how important might be 
the question of direct or indirect transmission of throat infections in 
these cases. Observing the great variability of the frequency and 
eourse of rheumatic fever under different conditions of sex, age and 
development, one would expect that family predispositions to this dis- 
ease might occasionally be well marked, and this appears to be a fact. 
Transmission of infection in utero with the birth of a rheumatic child 
is an historical curiosity. 

A previous attack of rheumatic fever probably confers no immunity 
against subsequent attacks; on the other hand, repeated attacks are 
the rule rather than the exception. Faber '® finds that after sensitiza- 
tion, arthritis is caused by a single injection of streptococci, while with- 
out sensitization three or more injections are required. An analogy 
toward relapses occurring in rheumatism is suggested. In children it 
mav appear that severe infection of the pericardium or valves never is 
entirely eradicated, but remains more or less latent, bursting out from 
time to time with fresh vigor and causing acute exacerbations of the 
disease. Even in apparently uncomplicated arthritic attacks in adults 
we must consider that an individual who has had rheumatic fever will 
be more liable to suffer from this disease in the future than will an- 
other person who has never been subjevted to this ill. 

Pregnancy seems to act unfavorably on rheumatic fever, in that 
either a first attack or an acute exacerbation occurring during preg- 
nancy is apt to assume a severe and an unfavorable course. There seems 
in this condition to be a tendency toward severe and rapid ulcerative 
changes in the heart valves. Whether or not there is an increased 
tendency to primary attacks or acute exacerbations during pregnancy 
has not been shown. 

Clumate.—Rheumatic fever must be looked upon as a disease of tem- 
perate climates. There is a distinct diminution in the incidence as the 
equator is approached. Clarke’® states, regarding the geographical dis- 
tribution of rheumatic fever and of rheumatoid arthritis, that it is ex- 
tremely improbable that either of these diseases occurs in the tropics. 
Quoting from this article, ‘‘Occasionally a medical man is met with 
who asserts that he has seen a case of rheumatic fever in the tropics. 
Major Buchanan wrote, ‘Up to the moment (1899) we have no re- 
liable statement to justify the belief that rheumatic fever has been 
met with within the tropics.’ Mr. James Cautlie wrote, ‘Rheumatic 
fever I have never seen in any hospital in China, India or Egypt, in 
elther native or European. This may be a faulty observation on my 
part, but I only state what I observed while on tour in India, during 
which ] visited hospitals in Madras, Madura, Bombay, Quetta, Lahore, 
Delhi and Calcutta. In Egypt I never met with a case of acute rheuma- 
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tism, nor in Hong Kong, nor South China during a nine years’ resi- 
dence.’ ”’ 

The returns of the Singapore hospitals for 1912 show 22,134 cases 
treated, with 258 deaths, and not a single case of either rheumatic 
fever, chorea or rheumatoid arthritis. ‘‘Rheumatism’’ is reported with 
1 death in 63 cases. 

‘‘Postmortem reports show 1,422 autopsies performed at Singa- 
pore, with only seven cases of chronic mitral endocarditis, At the Cal- 
cutta Morgue, in 1913, 281 cases were examined, with no mitral valvulitis 
and no endocarditis reported. There were 44 cases of atheroma of 
the aortic valve, 45 cases of atheroma of the thoracic aorta, and two 
aneurysms of the first portion of the aorta.’’ The marked rarity of 
valvulitis and endocarditis, except syphilitic aortitis, in the tropics is 
just as significant as the lack of reports of rheumatic fever. 

From his own experience and that of many other observers who 
have spent years in hot countries, Clarke believes that rheumatic fever 
is practically an unknown disease in the tropical zone at or near sea 
level. 

On the other hand, when large numbers of men are moved from 
districts where rheumatism is prevalent to the tropics, it would appear 
that rheumatism is not of infrequent occurrence, as they probably carry 
the infection with them. Church *" gives statistics drawn from records 
of the Army Medical Department which show great variations in dif- 
ferent years in the incidence of rheumatic fever. In India, while it 
is frequent among European troops, it is very rare among the natives. 
There is no statement as to altitude or latitude in the statistics from 
India. On the whole, the Army returns do not show as striking differ- 
ence based on climate as do returns from civil hospitals. 

Accepting Clarke’s statements regarding the absence of rheumatic 
fever in the tropics, and considering the close association of tonsillar 
infection to this disease, it must be remembered that a tropical climate is 
not favorable to the development of throat trouble and that in the tropics 
tonsillitis is not ubiquitous as in the temperate zone. 

Secason.—In_ statistics collected by Church regarding the seasonal 
occurrence of rheumatic fever in London Hospitals, charts have been 
constructed which show a very regular seasonal variation. The variation 
is fairly constant in different years and it is noted that the curve in- 
dicating second or subsequent attacks follows the same course as that 
marking the primary attacks. In all of the statistics given there is a 
rapid rise in the late summer, with the high frequency of incidence 
shown through the fall months, and a sudden drop at the beginning of 
winter. Church further states that statistics regarding seasonal varia- 
tions are constant in the same |» ality from year to year, but exhibit 
no tendency to conform with those of other localities. 

Altitude —Rheumatism is more frequent at high altitudes than at 
lower elevations in the tropical couutries. Farther north this possibly 
also holds true in rare exceptions. [1 the countries where rheumatism 
is particularly prevalent, the mass of urban population is found com- 
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paratively near sea level and, on the whole, poor housing and crowded 
industria] conditions are more in evidence in these centers. 
Age.—Rheumatic fever is particularly prevalent during childhood 
and early adult life. Of the first attacks 58 per cent., according to 
Church’s figures, occur under the age of 20. Over the age of 30 primary 
attacks are comparatively infrequent, and over 40 are very rare. His 
analysis of 943 primary attacks shows the following age incidence: 


Age Number Per cent. 
Under 10 years 135 13.99 
10-20 ‘‘ 412 43.58 
20-30 ‘' 244 25.66 
30-40 ‘ 128 13.57 
Over 40 8 ‘“ 23 2.43 
Age not known | 1 
943 99.23 


The variation in frequency of occurrence is, however, probably not as 
much altered by the age factor as is the variation in the course of the 
disease and in the prognosis. 

Ser.—The total incidence of rheumatic fever in males or females 
probably does not present any great differences. Records from private 
sources are much more trustworthy on this point than are history rec- 
lords in hospitals. While the hospital records are fairly dependable 
as regards children, it is the experience in most hospitals that women 
are much more apt to be treated at home than are men. In all large 
cities there are great numbers of men employed in industrial pursuits 
who live in lodgings and who apply to hospitals for treatment when 
they are ill. The medical wards of the general hospitals will show, 
as a rule, many more men than women under treatment for minor 
acute illnesses. Girls are rather more susceptible than boys. Men on 
the whole show a much larger proportion of cases than women. Figures 
are very variable and statistics are not convincing on this point. Pos- 
sibly a true analysis could be secured by studying autopsy records. 
Thus Cabot ! finds that of 278 rheumatic hearts, 108 occurred in men and 
170 in women, while more men than women will be found if admissions 
for rheumatic fever are tabulated. Unfortunately, Cabot does not state 
the proportion of men as compared to women represented in the total 
number of autopsies from which these cases were selected. The tendency 
to alteration in the course of the disease, as to the question of age, is 
probably more affected by sex than is the incidence of the disease itself. 
Pericarditis and mitral stenosis are very prone to develop in girls and 
young women. The tendency of rheumatic endocarditis to assume a 
severe or malignant form during pregnancy 1s well recognized. The 
amount of exposure, over-exertion and other factors tending to induce 
tonsillar infection and having an unfavorable effect on existing rheumatic 
heart lesions is probably greater among men, and this factor is more 
important than simple difference in sex. 
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Social Conditions —Rheumatic fever is more prevalent in cities than 
in the rural districts and more among the poor than among the well-to-do, 
and particularly is this true among children. It is certainly more preva- 
lent under conditions of overcrowding and poor housing, and where the 
spread of throat infections is favored. English clinicians have always 
emphasized the frequency of the occurrence of rheumatism in damp 
houses. There is sometimes shown a marked tendency for rheumatic 
fever to develop in certain houses, and house occurrence has seemed more 
distinct than family occurrence. 

Poynton says: ‘‘The disease is most common in our large towns, and 
when after a long spell of dry weather irritant dust begins to cause 
throat affections, we should be on our guard for an exacerbation of 
rheumatism, if cold damp follows, as it so often does in our climate. It 
is these abrupt and difficult changes in climate which I think makes 
inhabitants of this country so liable to this disease.’’ 

Summary.—In considering the factors favoring the development of 
rheumatic fever, there are certain points to be borne in mind: 

(1) Conditions Favoring Development and Transmission of the In- 
fection—The infection possibly is favored in its development outside 
the body or in its ease of dissemination by dry conditions of the soil, bv 
dust, and by seasonal and climatic conditions. Its transmission from 
ene individual to another may be favored by city life, by crowded ovcn- 
pational or housing conditions and by poor personal hygiene. 

(2) The infection, to produce rheumatic fever, seems to require cer- 
tain conditions of which the most striking is tonsillitis, Whether the 
same organism causes the tonsillitis and the rheumatic fever is not clear, 
but it does appear that the chronically inflamed or septic tonsil offers 
the best soil for the development of the infection to the point where 
rheumatic fever is developed in the individual, and that conditions 
favoring throat inflammations and tonsillitis also favor the development 
of rheumatic fever. Among these conditions are dust, sudden changes 
of temperature with chilling of the individual, overcrowding of popula- 
tion in factories, public convevances or houses, poor personal hygiene, 
and epidemics of other acute infections of the upper respiratory tract. 
The presence of chronic enlargement of the tonsils, as found so fre- 
quently in children or in the so-called thymolymphatie type of individual, 
offers a favorable soil for the development of the rheumatism-producing 
streptococcus. With the infecting organisms prevalent, any factor which 
favors tonsillitis will favor the development of rheumatic fever. 

(3) Rheumatic fever once established as an infection is subject to 
great variation in its course of development and the serious consequences 
to be expected are dependent to a large degree on individual char- 
acteristics of reaction. These vary in a general way with age, to a less 
degree with sex, and seem altered by pregnancy, conditions of poor nutri- 
tion and previous or concurrent disease. In the case of some of the 
expressions of rheumatic fever, as chorea, the factor of sex in frequency 
of occurrence is particularly marked. 

(4) While seasonal variations are fairly constant, it must be remem- 
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bered that rheumatic fever occurs in waves or epidemics when both new 
cases and secondary attacks occur in numbers far in excess of the usual 
local rate: and it is not clear what factors enter into the determination 
of these epidemics: whether an increase in the dissemination of the virus 
or in its degree of virulence is responsible, or whether an epidemic of 
tonsillitis—whose infecting organisms, by symbiosis with the specific 
streptococcus of rheumatic fever, produce the disease. 

Symptomatology. Rheumatic fever or acute articular rheumatism is 
an acute infectious disease, showing a sudden onset with marked febrile 
reaction, inflammatory involvement of the joints, usually transient, and 
a strong tendenev to myocarditis and endocarditis with permanent car- 
diac damage. 

Certainly a large proportion of the cases of rheumatic fever must 
be regarded as streptococcic septicemia, and the symptoms are those 
which would be expected in a septicemia, both as to suddenness of onset 
and severity and wide-spread distribution of symptoms. Without at this 
point entering into any discussion of the definite causative organism of 
the disease, it is necessary to state that there have been streptococci 
isolated from typical cases of rheumatic fever running parallel clinical 
courses, which showed cultural and morphological differences so great 
as to preclude the possibility of considering them as identical species 
under the ordinary bacteriological classification. Two principal con- 
tentions arose. Rosenow *! demonstrated to his own satisfaction that the 
organism was capable of being changed by the environment in which it 
developed, so that morphologically and culturally it could be entirely 
altered in its characteristics. The other view, more commonly held, was 
that many different organisms could produce the symptom-complex 
known as ‘“‘rheumatic fever.’’ Without a further consideration of the 
merits of these views, it must be granted that, whether a single organism 
or a number of distinct species are concerned, the environment en- 
countered in the host must profoundly modify the course of the disease, 
as clinically rheumatic fever divides itself into vertain types which de- 
pend more on the age of the individual than on any other factor. 
Rheumatism in childhood may truly be said to be a disease of the heart 
in which the joints are sometimes severely involved, and which shows 
chorea as a frequent manifestation, while in old age rheumatism shows 
itself principally in its articular effects, and the heart may be apparently 
little affected, chorea being practically never a result. It is impossible 
to describe the disease without drawing attention to this distinction. In 
general, the disease in children is a grave affair. In the adult a first 
attack causes less concern. 

PERIOD OF INCUBATION.—The frequent association of rheumatic fever 
with tonsillitis makes it difficult to ascribe to this disease any definite 
period of incubation. The rheumatic attack is often preceded or accvom- 
panied by an acute tonsillar attack giving symptoms referable to the 
throat, and even where the local symptoms have been unnoticed, an ex- 
amination of the throat yields evidence of a chronic tonsillar infection. 
Neither the chronic nor the acute tonsillitis can be said to constitute the 
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prodromal stage of rheumatic fever. If we disregard the sore throat 

with its attendant symptoms as entirely irregular in duration and 
severity and showing no regularity in any of its characteristics, the 
onset of rheumatic fever may be said to be acute and always char. 
acterized by fever, frequently by chills and sweats at the beginning, and 
often by joint symptoms. In children the onset may be more gradual, 
or rather the joints may be involved later than in the adult, and the 
arthritis may be extremely slight and transitory. Exceptionally, at any 
age, the acute onset may appear, after some weeks of malaise, with 
occasional slight fever. While it is impossible to fix any definite incu- 

bation period for’this disease, it may be remarked that rabbits injected 

with strains of streptococci from rheumatic cases, in the proper dose 

to result in non-fatal arthritis, show distress, as a rule, about the 
third day. 

Mone oF. ONSET AND CLINICAL CouRsE.—A typical case of rheumatic 
fever in a young adult shows a sudden rise of temperature, general sore- 
ness or ‘‘grippy’’ pains and, probably, a chill and headache. These 
symptoms are not distinguishable from those of an ordinary attack of 
tonsillitis, and, as a sore throat may accompany or precede the rheumatic 
attack, they are ascribed frequently to the tonsillar condition. The fever, 
when first estimated, will probably show a reading of 100°-102° F. 
(37.8°-38.9° C.). The temperature usually rises gradually from 48 to 
72 hours, with slight remissions of one or two degrees, and by the third 
day reaches 102° or 104° F. (38.9° or 40° C.). The high point is usually 
reached from the third to the fifth day. In the majority of cases, there is 
a gradual or rapid decline by irregular stages from this point, and in 
most cases the normal line is reached in from 10 to 14 days. The tem- 
perature curve, however, is extremely variable and in some instances 
the drop may be sudden and the afebrile stage quickly reached by an 
apparently good reaction to salicylates, while in refractory cases a high 
temperature may be maintained for three or four weeks. 

During the first few days the temperature is usually sustained at a 
fairly high level, not at any time approaching normal, but after about 
the fourth day it assumes a more irregular curve and sudden drops are 
frequent. This is probably so whether salicylates are employed in the 
treatment or not. 

After the active febrile stage has passed, there is usually a period 
of indefinite length showing a slight daily rise of temperature reaching 
99°-99,.4° F, (87,.2°-37.4° C.). This is particularly marked in younger 
individuals, and in children may be extremely prolonged. 

The pulse-rate is, as a rule, proportionate to the temperature during 
the early stages of the disease. As the disease progresses, the frequency 
of the pulse depends largely on the extent of cardiac involvement. When 
the pulse becomes progressively more rapid, severe myocardial invasion 
must be suspected. 

1. Arthritis.—The joint symptoms appear early, first a stiffness and 
then pain, rapidly increasing in intensity, and extreme tenderness. They 
may be for a time confined to a single joint or several may be involved 
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almost simultaneously. When several joints are involved, no symmetry 
in distribution is to be expected. The knees show involvement 
most frequently, the ankles next in frequency, then the wrist and 
elbows in the order stated. 

Pain.—The severity of the joint pain may be extreme, the slightest 
motion in the joint causing excruciating pain. Where the shoulders and 
hips are involved, it seems almost impossible to find a position in which 
the patient can find anv comfort, and when the sternoclavicular articu- 
lation is inflamed, pain is caused even by breathing. Frequently the 
foot 1s involved without the ankle or toes being affected. 

As one joint or set of joints clears up, another set may become in- 
flamed. Often those becoming inflamed at the same time clear up at 
the same time, whether this is a few hours or a few days after the onset 
of the swelling. With new joint involvement there is apt to be a rise 
of the temperature. The temperature usually remains above normal as 
long as joint pain remains, though some stiffness may be present after 
the temperature has established itself at the normal level. Tenderness 
is very marked, usually reaching its maximum within the twenty-four 
hours following invasion of the joint by the inflammatory process, and 
at this stage protection of the joints by a eradle to support the bed 
clothing is frequently necessary, as even the slight pressure of the covers 
may be unbearable. The tenderness is usually of short duration in any 
one joint. If there is any regularity in its persistence, it might be said 
to clear up less rapidly and completely in the feet than elsewhere, the 
dorsum of the foot frequently remaining tender after sensitiveness to 
pressure has elsewhere disappeared. Often a tender spot also remains 
for some time at the tuberosity of the tibia. 

Inflammation of the Joints —The external appearance of an atfected 
joint eannot be said to be characteristic of rheumatic fever, and may 
resemble very closely the appearance in other arthritic conditions. With 
slight swelling there is usually a flush of the skin and a distinct sense 
of local heat to the touch. Both swelling and redness rapidly increase, 
though the turgidity of the skin does not become as marked as that seen 
in acute attacks of gout. While the peri-articular tissues are swelling, 
the joint itself shows signs of inflammatory reaction and in the case of 
the large joints the signs of effusion are very quickly noted, the bulging 
due to the fluid in the joint contributing to the general swelling. The 
fluid may readily be drawn off and shows a moderate degree of turbidity 
due to polymorphonuclear cells. It does not as a rule show blood. With 
the joint and peri-articular inflammation may appear a troublesome in- 
flammation of the tendon sheaths. This is apt to last longer than the 
arthritis and may persist for a considerable time. The tendo achillis 
and the tendons of the hamstring muscles particularly show this in- 
volvement. 

2. Sweats—As in septicemia, so in rheumatic fever, sudden drench- 
ing sweats are frequent. While these sweats probably indicate a 
severe degree of infection, their frequency of occurrence seems to be 
no index of prognosis as to cardiac involvement. 
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3. Prostration and weakness may be of severe degree early in the 
course of the disease, particularly if the temperature be high. Fre- 
quently, however, early prostration is dependent entirely on the articular 
pain and disability, and increases on account of the continued pain and 
consequent lack of sleep. In some cases a good night’s sleep, made pos- 
sible by a dose of morphin, will work wonders in the patient’s appear- 
ance and general strength. In the absence of a severe degree of carditis, 
strength generally increases rapidly as soon as the joint pains are under 
control, whether this is accomplished spontaneously or by salicylates 
or morphin or by any other means, but in the presence of severe com- 
plications, weakness frequently is progressive. 

4. Headache is severe only in exceptional cases. In the adult, nerv- 
ousness 1S, aS a rule, not more than would be expected as a result of the 
pain and sleeplessness. Both of these symptoms are present in extreme 
degree in the rare complication known as ‘‘cerebral rheumatism.’’ In 
the child, nervousness is frequently a marked symptom. 

Dd. The presence of sore throat, as tonsillitis or a diffuse pharyngitis, 
is almost the rule in rheumatic fever in adults. Frequently when this 
is lacking a history of recent tonsillitis is obtainable. The teeth and 
gums may be found to be in very bad condition and sometimes the in- 
fection responsible for the rheumatic attack seems to be focused in an 
alveolar abscess. The author has frequently seen rheumatic fever follow 
acute or subacute frontal sinus infection. In almost every case of rheu- 
matic fever, a focal infection can be demonstrated somewhere, and 
in most cases the tonsils appear to be definitely diseased and seem to 
be responsible for the rheumatic attack. Langmead ?? finds the tonsils 
‘‘sufficiently large to warrant removal in 7 per cent. of children other 
than rheumatic ones, while in rheumatic children they are large enough 
to warrant removal in 27.8 per cent.,’’ or four times as frequently. 

6. Carditis—The development of the cardiac involvement is the most 
important phase of an attack of rheumatic fever. Coombs,?* during 
twelve months in out-patient department work, saw 233 cases of rheu- 
matic infection in all stages, including permanent injuries of the heart. 


72.5 per cent. showed cardiac disease. 
61.8 per cent. showed joint attacks. 
47.2 per cent. had chorea. 

4.0 per cent. had subcutaneous nodes. 


He states that heart disease is seen as often as any other manifestation 
of rheumatic fever, and being the most serious and characteristic effect 
of that infection, it should be regarded as the central rheumatic lesion. 

The subjectwe symptoms attendant on the carditis vary with the na- 
ture and degree of involvement of the heart and adjacent structures, and 
no symptoms can be said to be characteristic if the patient is kept strictly 
at rest. 

The first signs indicating cardiac involvement appear with the dilata- 
tion of the left ventricle. There is a proportionate exaggeration in the 
frequency of the pulse as compared with the increase of temperature, 
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and an extension to the left of the area of cardiac dullness. The cardiac 
impulse tends to become more diffuse and weak, the first sound being 
less strong and the second sound at the base becoming accentuated. <A 
soft systolic murmur usually develops at the apex at this stage, and 
there may be a reduplication of the second sound. 

In the adult, the time of the onset of the carditis cannot be stated 
exactly, but careful examination will frequently show an increasing 
cardiac area of dullness, a soft systolic murmur, and a change in the 
character of the apex beat and in the character of the heart sounds by 
the third or fourth day of the disease. The heart changes fortunately 
are frequently of slight degree and in mild cases a return to apparently 
normal conditions within two or three weeks may be reasonably hoped 
for, particularly in older patients. On the other hand, almost invariably 
in children and usually in adolescents and young adults, the cardiac 
damage is severe. 

Fagge ** considers the frequency of occurrence of endocarditis with 
acute rheumatism as about 50 per cent. of all cases. Dr. Sibson’s *” 
consideration of 326 cases of acute rheumatism, treated by him in St. 
Mary’s Hospital during fifteen years ending in 1866, is a remarkable 
piece of work in its careful analysis of all aspects of this condition. In 
contrast to other tables of even much later date, it would seem that the 
distinction between rheumatic fever and other arthritic conditions has 
been carefully maintained throughout this series of cases. In this series 
he found only 79 cases which he thought had escaped cardiac involve- 
ment. Church ?° found old or recent endocarditis in 57.50 per cent. of 
889 cases at all ages; under the age of twenty years it occurred in nearly 
75 per cent. Kemp,”* in an analysis of cases at the Radcliffe Infirmary 
from 1903 to 1909 and during 1911, argues from his study of these his- 
tories and cases that the heart has a good chance of escaping any perma- 
nent damage, but a review of his figures indicates that 61 out of 74 
cases showed signs of heart involvement. A large number of his cases 
were in their first attack, and the tendency ‘of the disease to relapse 
makes the outlook for those escaping still questionable. 

The course of the carditis divides rheumatic fever tnto several types: 

(a) Simple or Mild.—Where arthritis is the only marked feature, 
other complications are not present, and carditis is either not demon- 
strable or is slight in degree and evidence of its presence soon disappears. 
This type occurs usually in adults, seldom in children. 

(b) The Fibroid Type.—This occurs where the tendency to fibrosis 
is marked and may cause adhesive pericarditis and mediastinitis, mitral 
stenosis or double mitral disease, aortic valvular disease, fibroid myo- 
eardium, and possibly fibroid pleurisy. There is no tendency in these 
eases to chronic arthritis. This type may be found in adults, but 1s more 
frequent in children and adolescents, and particularly in young girls 
where mitral stenosis and adhesive pericarditis are most common. 

It must be borne in mind that the second type may actually be as 
malignant in its effect as the third. If the tissue damage and repair to 
the same degree occurred in the skeletal muscles or in non-essential 
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structures, the repair would be practically perfect and healing func- 
tionally satisfactory; but the fibrous adhesions of the pericardium in- 
terfere with the heart’s action, the fibrosis of the myocardium with its 
contractility, and the distortion of the valves destroy their function. 
These hearts may rapidly wear themselves out without return of either 
infection or inflammatory reaction. 

(c) The Malignant Type.—In this type we find the severe and wide- 
spread inflammatory changes of which there is evidence in the fibroid 
type, but without the ability to overcome the infection or to repair the 
lesions. In the fibroid type the infection may apparently be quickly 
overcome and fibroid repair take place after this, or repair and destruc- 
tive inflammation may go on together, the former finally gaining the 
upper hand. In the malignant type the destructive process may be ex- 
tremely rapid, or it may be gradual and long drawn out, but the infec- 
tion persists and repair does not take place. The valves on the left side, 
and in many cases even on the right side, show increasing vegetations or 
ulcerative change. The heart muscle degenerates, and the heart dilates. 
These cases are not infrequent at any age. The course is sometimes very 
rapid, following a typical severe arthritis; at other times these cases im- 
prove, only to merge into the type of endocarditis described as the endo- 
carditis lenta of Schottmiller,?’ or the subacute bacterial endocarditis 
of Libman,”* which cannot be clearly separated from this group of 
cases. In other instances, a mild rheumatic attack may clear up and 
a secondary infection of the damaged heart valve can be clearly demon- 
strated, and the case then becomes one of septic or infective endocarditis 
clearly distinct from the rheumatic condition. In the malignant 
eases, there is a course of from two weeks to several months,. possibly 
with remissions. The temperature is exceedingly irregular, chills and 
sweats are frequent, anemia rapidly develops. Albuminuria or hema- 
turia shows itself and ecchymosis and embolism occur. 

In unusually virulent rheumatic infections the course may be very 
rapid, with an extreme degree of toxic myocardial degeneration and 
cardiac dilatation. In these cases the endocardium may entirely escape. 
Sutherland and Coombs ”° report a case in a boy five years of age, previ- 
ously healthy, who suffered from rheumatic fever with acute onset and 
a severe carditis, with auricular fibrillation and death in six days. 
Autopsy showed a remarkably severe degree of myocarditis, typically 
rheumatic. There was no clinical endocarditis or pericarditis. Pert- 
carditis is, however, very apt to occur in the course of these severe or 
malignant cases. 

7. Pericarditis—Pericarditis is of frequent occurrence in children 
and in young adults. With its onset there may be a sudden jump in the 
temperature. Pain is severe, usually modified to some degree by position, 
and increased by deep breathing or coughing. The pain is usually 
sharply localized at the precordium within the apex, but may be re- 
ferred to the region of the left scapula. A friction rub can usually be 
heard from the time of the onset of pain. With free fluid exudate, there 
is prompt relief of pain. Fibrosis may take place without demonstrable 
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fluid in the pericardial sac and in this case the friction rub remains 
audible and the relief from pain is gradual and interrupted. Pericardi- 
tis is apt to occur frequently in particularly severe cases or to be re- 
sponsible for the severity of symptoms and the tenacity of infection when 
it occurs, as those patients in whom extensive pericarditis occurs are 
prone to exhibit other serious features of the disease. Of 180 cases show- 
ing nervous symptoms referable to rheumatism, collected by Sibson,?? 92 
had pericarditis. Pleurisy and pneumonia are more frequent with peri- 
carditis than in cases where it does not exist. A general mediastinitis 
may occur. There may be belly symptoms from diaphragmatic involve- 
ment. While the pericarditis is frequently slight, its symptoms quickly 
disappearing, the condition may be serious in itself, the pain and ex- 
haustion attendant being extreme. The resulting fibrous adhesions, if 
extensive, interfere seriously with the cardiac movements, and hyper- 
trophy of an enormous degree may result. With inflammation of the 
pericardium, there is probably always some degree of myocarditis. 

8. Myocarditis —Myocardial involvement is the important feature in 
most rheumatic cases, for it is the condition of the myocardium which 
determines the prognosis in the valvular and pericardial fibroid cases, 
and it is the myocardial damage which is directly responsible for death 
in most of the rapidly fatal cases. Coombs,*° from a study of the hearts 
of fatal cases of rheumatic fever, concludes that ‘‘ probably, then, death 
in rheumatic heart disease occurring before the age of sixteen is reached, 
is more often due to acute inflammation of the myocardium than to 
anything else. Even in cases above this age, with valvular sclerosis and 
pericardial adhesion, myocarditis may play an important part.’’ Myo- 
carditis of some degree is probably a constant feature of rheumatie fever. 
When mild, it cannot be demonstrated clinically with certainty; when 
severe, it leads to early dilatation, alteration in the character of the apex 
beat and of the first sound, increasing pulse frequency and in some cases 
to gross abnormalities of rhythm, even producing heart block in the early 
stage. Dr. Lees ** considers some degree of dilatation of the left ven- 
tricle to be a constant occurrence in acute rheumatism and states that 
during fourteen years he has never seen a first attaek of acute or sub- 
acute rheumatism in child or adult in which some degree of dilatation 
could not be demonstrated. He regards it as an inevitable manifesta- 
tion of the disease and one of its earliest symptoms. While actual 
myocarditis of an infectious nature is present, with cell infiltration and 
even demonstrable organisms, there is also a parenchymatous degenera- 
tion, probably toxic, and not actually an acute inflammation. The myo- 
cardial damage is of profound importance, but is not well understood in 
that we cannot well judge the degree of destruction, and have no sure 
criterion as to the safe time for allowing exercise or the need for con- 
tinued rest. 

9. Acute Dilatation of the Heart—Acute dilatation may occur ap- 
parently in the absence of severe myocarditis. Indeed, it may ensue in 
the early days of a rheumatic attack, even before endocarditis has ap- 
peared. Acute dilatation is ever a grave complication in any disease. 
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The recognition is simple, if the heart has previously been examined with 
even a superficial examination. This condition ean be confused only with 
a pericardial effusion. 

One point of importance on which little light has been thrown is 
the degree of protection against dilatation which is offered by fibrosis 
of the myocardium, and the degree of interference with contractility 
which ensues from the same process. Is the fibrosis resulting from in- 
flammatory and degenerative changes usually immoderate in extent and 
harmful, or is it more apt to be protective? Certainly in the so-called 
malignant cases where there is little fibrosis there is practically always 
marked dilatation; but the fibroid type of case is much more common 
and here the degree of fibrosis seems inordinate and probably interferes 
seriously with cardiac function. 

10. Endocarditis and Valvulitts—The importance of valvular heart 
disease as a phase of rheumatic fever is second only to that of myocardial 
disease. It has been demonstrated time and again that this valvulitis 
and endocarditis is of infectious origin, and organisms have been dem- 
onstrated in the endocardium, particularly in the capillaries just under 
the endothelium. Tow much of the change is actually primarily in- 
fectious and due to the presence of the organism 7n situ, and how much 
of the change is secondary and toxic cannot be stated. Endocarditis, 
either recent or old, was noted in about one-half of Church’s cases, but 
taking first attacks among those over forty years of age, in only one 
out of eight patients was there endocarditis. Church quotes Sir Thomas 
Watson as saying, ‘‘I have known only three persons to go through acute 
rheumatism with an untouched heart prior to the age of puberty, and in 
two of them, I am by no means certain that the articular disease was 
true rheumatism.’’ 

In rheumatic fever the tendency toward left-sided involvement is 
very strong. The mitral valve is the one most commonly affected and 
next in frequency the aortic. The right side usually escapes, though in 
children and in the malignant type of rheumatic endocarditis the 
tricuspid and pulmonary valves may show typical changes. According to 
Osler,®? in fetal endocarditis the right heart is commonly involved. 

In rheumatic fever it 1s possible that a simple endocarditis may occur, 
l.e., purely toxie in origin, though this has not been proven; but any 
endocarditis of rheumati¢ origin is serious, owing to the danger of re- 
currence of the rheumatic infection or the well-known tendency of sec- 
ondary septic infection to establish itself on the damaged endocardium. 
The scarred rheumatic heart will succumb to a slight infection which 
would be thrown off by a normal €ndocardium. This was noted by 
Rosenbach,** who was able to cause infective endocarditis with pyogenic 
organisms by mechanically damaging the aortic leaflets before an in- 
travenous inoculation. With an undamaged valve, endocarditis did not 
result. Subacute endocarditis is generally considered a distinct infection, 
and the Streptococcus viridans causing this disease is considered dis- 
tinct from the rheumatism-producing coccus or cocci, but endocarditis 
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lenta frequently occurs in rheumatic hearts and is sometimes indis- 
tinguishable from the malignant type of rheumatic endocarditis. 

The endocarditis of a first attack of rheumatism in the child may 
go on to progressive carditis with fatal termination, but in the adult 
the first attack is seldom fatal. A large proportion of rheumatic pa- 
tients, however, show signs of mitral valvular leakage during the course 
of the acute attack. This is by far the most common of the valvular 
lesions at all ages. It is said that some degree of mitral leakage may 
occur through infiltration of the muscle about the mitral orifice pre- 
venting contraction of the so-called ‘‘mitral ring,’’ that this may cause 
a murmur during the acute stages of the disease which can totally dis- 
appear later, also that a transient murmur occurs through dilatation of 
the myocardium due to toxic atony. Any thickening or distortion of the 
mitral leaflets may lead to regurgitation, and as fibrous repair takes 
place the distortion and disturbance of valve function may increase. 
The damage may be slight and recovery apparently complete. 

Mitral stenosis is essentially a rheumatic disease and a disease of 
the young. It may for long periods of time be difficult of recognition, 
particularly if associated with other valve lesions. It frequently exists for 
years unrecognized, the only sign of rheumatic fever, and is discovered 
during a second rheumatic attack or when some symptom such as hemop- 
tysis or palpitation occurs. Uncomplicated mitral stenosis is recognized 
most frequently by the nervous, flapping character of the heart action 
and the tapping quality of the apex beat. There is frequently a palpable 
thrill even in the absence of any murmur. The presystolic murmur 
of mitral stenosis is extremely variable. It may be present one moment 
and absent the next. It may be loud and rough or extremely low pitched 
and difficult of detection. When well compensated, it tends to become 
louder as years go on and left auricular hypertrophy proceeds. The 
fluoroscope gives a characteristic shadow in these cases. The left auricle 
is abnormally large and the left ventricle small and pointed. The cardiac 
outline on percussion gives the same picture. 

In an old case of pure mitral stenosis with a strong auricular muscle, 
the murmur is usually the rough and prolonged crescendo roll terminat- 
ing in the snapping first sound, so short that it may almost be mistaken 
for a second sound. Under strain, with dilatation of the left auricle, 
the propulsive power of the auricular muscle is lost and the murmur dis- 
appears. This is the condition in which these patients are frequently 
first seen by the physician. The prominent symptoms are pulmonary 
—cough, shortness of breath and hemoptysis—and it is quite the rule 
for these patients to be suspected of tuberculosis. With a few days’ rest 
in bed the auricular muscle may regain its tone and the murmur return 
with all its previous intensity. When other valve lesions have caused 
marked left ventricular hypertrophy, the suction of the enlarged ven- 
tricular cavity with its thickened wall seems sufficient to maintain the 
presystolic murmur even during dilatation or fibrillation of the auricle. 
With cardiac disease, cerebral embolus is a frequent occurrence. As 
mitral stenosis, hitherto unsuspected, is so often discovered by the sudden 
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appearance of hemoptysis, just so may it be brought to light by the 
appearance of a hemiplegia. This is particularly true in women. The 
dilated auricle, or its appendage, probably offers a favorable site for 
clot formation, and the hypertrophied muscle on regaining its tone forces 
the clot into the circulation. 

Even with a severe degree of constriction, the narrowed valve may 
give few signs in childhood, but fibrosis and contraction gradually 
progress, the funnel becomes more firm and rigid, and does not enlarge 
as the capacity and demand of the ventricle increase. Blood supply 
is insufficient and bodily development is hampered. The auricle de- 
velops out of all proportion to the rest of the heart for a time, but it 
cannot keep up to the demands made upon it and chronic pulmonary 
congestion develops. In these patients a slight acute bronchitis assumes 
the gravity of a severe pneumonia occurring in a normal individual. 
These patients are always of poor bodily and muscular development 
and poor nervous tone, suffering severely from slight ills, incapable of 
any great exertion, and succumb, as a rule, at a comparatively early 
uge. The minor degrees of stenosis or those occurring later in life fur- 
nish many of the cases of cerebral embolus and chronic dyspnea with 
right heart hypertrophy which we find among older individuals. Asso- 
ciated with other valve lesions, mitral stenosis loses its symptomatic dis- 
tinction, and these hearts go the usual course of ventricular hyper- 
trophy and degeneration with decompensation. The auricular disturb- 
ance may cause fibrillation or flutter, and gross abnormalities of rhythm 
may be the result of mitral stenosis. Aortic valvulitis is common, but 
is more frequently found associated with mitral disease than by itself. 
Aortic disease in the young is practically always rheumatic. 

11. Chorea.—Chorea is one of the chief expressions of rheumatic 
fever during childhood. Formerly looked upon as frequently associated 
with rheumatism and as a common cause of endocarditis, it is now uni- 
versally recognized as the result of the rheumatic infection. Chorea is 
perhaps almost as frequent a symptom of rheumatic fever in childhood as 
is arthritis. A close study of cases of chorea occurring without arthritis 
leads usually toward the conclusion that they are truly rheumatic in 
origin and where arthritis is lacking in the history of these cases, it 
is usual to find evidence of endocarditis or pericarditis of undoubted 
rheumatic nature. Other causes of chorea may and probably do exist, 
just as there are other causes of endocarditis and pericarditis, but the 
main etiological factor in each of these conditions is certainly rheu- 
matic fever. Tinel** emphasizes the epidemic occurrence of both new 
cases and recrudesvences, where, instead of the normal average of 5 or § 
cases a month at the Charcot clinic, as many as 40 or 45 would appear 
in one month. 

Chorea occurs more frequently in girls than in boys, in ‘‘nervous’”’ 
children more frequently than in those of a more stolid mental habit. It 
frequently follows shock or fright or severe emotional disturbance. In 
these cases, the rheumatic fever has preceded the attack, and the chorea 


was probably latent. As Gossage *° observes, the rheumatic child is fre- 
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quently emotional and nervous and easily frightened, even though chorea 
does not develop. 

Fortunately, chorea is usually not a serious feature of rheumatic 
fever. Its close association with endocarditis and pericarditis has a 
significance so grave that the chorea itself should cause comparatively 
little concern. Exceptionally, a severe chorea oceurs without cardiac 
damage, but, as a rule, a grave degree chorea is associated with peri- 
carditis or endocarditis or both. The outlook in mild chorea is good 
as regards complete recovery. The duration of this condition is variable 
in the extreme. Under good conditions, and with careful treatment, it 
usually responds promptly. MRelapses are frequent, even when rein- 
fection is not apparent, and with persisting pericarditis and endocardi- 
tis they are particularly prone to occur. Chorea rarely makes its ap- 
pearance after maturity is attained, save in the chorea of pregnancy. 

The symptoms, course and treatment of chorea will be considered 
elsewhere in this work. 

CLINICAL COURSE IN CHILDREN.—The course of rheumatic fever in 
children as compared with that in adult life has been referred to fre- 
quently throughout this chapter. Generalizing the comparison, it may 
be stated that rheumatic fever occurs infrequently under the age of 
four, but from then on with increasing frequency to adolescence. In 
the child, as compared with the adult, the disease lacks many of its 
distinctive features; there is less tendency to an acute attack of illness 
with severe arthritis and high fever, the onset may be insidious and 
unnoticed, and the illness correspond to a long indefinite period of poor 
health with no real prostration and with the temperature seldom in- 
creased above normal. D. B. Lees *! takes the view that rheumatic fever 
is really a childhood disease, and that if it is to be understood rheuma- 
tism must be studied from the standpoint of the child. Arthritis may 
be entirely absent or shown only by occasional complaint of slight pains 
or disinclination to walk or run, with tenderness of the joints entirely 
lacking. While the fever and arthritis are much less in evidence than 
in adult life, the tendency to endocarditis and particularly to peri- 
carditis is much more strongly marked; after the event of the cardiac 
inflammation the inclination toward fibrosis of these structures is very 
strong. Poynton ** examined 500 consecutive cases in children with 
rheumatic conditions. The first examination made of these cases, in 
the Out-Patient Department, showed, as to symptoms and history: 


248 with arthritis 

350 with heart disease 
245 with chorea 

137 with throat trouble 
39 with nodules. 


Langmead 2? examined 2,556 children and found that in children from 
three to six and a half years of age rheumatic fever occurred in 5.20 
per cent. of the cases. From six and a half to fourteen years of age 
the percentage was 6.83 per cent. Of 133 rheumatic cases all but 18 
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showed rheumatic cardiac damage of a developed and persistent type. 
Valvular endocarditis may come on suddenly with an attack of arthritis, 
but is very apt to make its entrance insidiously and unnoticed and to 
be discovered later when the heart is seriously damaged and when cardiac 
decompensation or increasing anemia have compelled a careful examina- 
tion of the patient. Mitral stenosis is a frequent result of rheumatic fever 
in childhood and is a lesion frequently overlooked, as the presystolic 
murmur indicating this lesion is singularly ineconstant. As the valve 
becomes firmer in its fibrosis, the murmur becomes louder, but with 
dilatation of the auricle this murmur may disappear altogether, and 
probably it is never very loud unless hypertrophy of the left auricle has 
occurred. The signs in an old mitral stenosis may be very well marked, 
but one of recent origin may escape detection altogether. Thus mitral 
stenosis appearing in childhood may not make itself known for many 
years. Other valves are involved as in adults. As in adults, the mitral 
is by far the most susceptible, with the aortic next in frequency of 
involvement. Malignant endocarditis, or subacute infective endocarditis 
(endocarditis lenta), 1s said to occur very infrequently in children. 
Cheadle,*’ with his vast experience in rheumatism in children, states 
that he has encountered only two such cases. 

Myocarditis is probably always an accompaniment of endocarditis 
and pericarditis. It may develop to some extent independently of either. 
In mild degree of involvement, the signs of its presence are not well 
marked. The muscle of the child’s heart is probably more susceptible 
to invasion than that of the heart of the adult. Toxic change is more 
likely to occur, and also fibrosis. 

Pericarditis occurs much more frequently than in the adult. It is 
very apt to be recurrent and to become more and more fibrotic in char- 
acter, with increasing embarrassment of the heart action. Fever almost 
always accompanies an acute pericarditis; fluid effusion may follow the 
acute stage or a plastic exudate may be formed. Recurrent attacks are 
frequent, and fever is to be looked for with each recurrence. 

Anemia is usually present with rheumatic fever in childhood. It may 
assume a very rapid course and become extreme in degree. With either 
endocarditis or pericarditis anemia is apt to be a prominent feature. 

Nervous Symptoms.—Chorea is one of the characteristic features of 
rheumatism in the young. It is more apt to develop in children of a 
nervous disposition. In some degree of severity, it is probably as com- 
mon as arthritis or even more frequent in occurrence. Girls are more 
often attacked by this manifestation of the disease than are boys. There 
seems to be a strong tendency to chorea exhibited in certain families. 
Fatal chorea is practically always associated with extensive carditis, 
or rather, in cases of chorea when death occurs, the death is usually 
due to cardiac breakdown. 

Nervousness of Less Degree—The rheumatic child is ever a nervous 
ehild. 

Skin affections are much more common in childhood than in adult 
life. Sweating is a less frequent feature than in adults, Erythema is 
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more common, as erythema multiforme and various other forms of 
erythema, sometimes diffuse and scarlatinaform, erythema nodosum, etc. 
Peliosis rheumatica and purpura may occur as a complication of rheu- 
matic fever or purpura may by its joint manifestations simulate rheu- 
matic fever. 

Subcutaneous nodules are said to be an important feature of severe 
rheumatic fever in childhood, as it occurs in Great Britain. While first 
noted as a rheumatic condition by Barlow and Warner (1881), British 
writers of recent years lay particular stress on this feature of the disease. 
The nodules appear to be less frequent in their occurrence in the United 
States; they seem indeed to be a rather infrequent feature in this coun- 
try. Holt ®* states that he has seldom seen them as a prominent feature 
of the disease. Gossage *° and Cheadle ** both regard these nodules as 
even more characteristic than arthritis. They are seen over the course 
of the tendons about the wrists, fingers, arms, knees and particularly 
along the spine. These nodules are an expression of the infection and 
are said to be more numerous in grave cases where the infection is 
severe. They are associated particularly with severe cardiac inflamma- 
tion. Children are much more apt to show reaction by fibrosis in all 
structures than are adults. The writer recalls one case in an adult 
where these nodules were extremely numerous and well-marked, and 
this occurred in a negro. Negroes frequently show a marked tendency 
to fibrosis under any conditions. 

In children the course of the disease may be very indefinite; as has 
been said, chorea may he the only noticeable symptom for a long period 
of time, or valvular lesions may develop after an indefinite period of 
malaise and sore throat. After an acute attack of arthritis, convalescence 
may be very slow and gradual and tachycardia, either continuous or 
appearing on slight exertion, may persist for a long period of time 
before valvular lesions make themselves known. 

LABORATORY FINDINGS.—A moderate leukocytosis is the rule in rheu- 
matic fever. The white count may it some cases be very high. The 
writer has noted cases where it reached 30,000 or over. There does 
not seem to be any connection between the degree of leukocytosis and 
the severity of the disease. The leukocytes may exercise a protective 
action and a high white count be more favorable than a low one, but the 
existence of local infections as tonsillar abscess, preceding or accom- 
panying the rheumatic fever, complicates the question. In general, the 
cases where endocarditis is progressive tend to show a low or diminishing 
leukocyte count. In the early days of an acute attack 12,000 to 18,000 
is a fair estimate of the usual count. 

The red cells may diminish very rapidly. In uncomplicated rheu- 
matic fever in children, the anemia may develop rapidly to a profound 
degree. Frequently in adults, the onset of severe anemia marks the 
advent of subacute endocarditis, in many cases a secondary infection, 
though even in adults uncomplicated severe rheumatism may cause a 
rapid and profound anemia. 

The urine shows nothing characteristic which would serve to dis- 
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tinguish rheumatic fever from other acute febrile conditions. There may 
be a trace of albumin and some casts in the early stages or those may 
be wanting. There is, of course, a marked concentration when fever 
is high and sweating is excessive. Under these conditions the acidity 
is also high. Salicylate therapy is said to produce a marked cylindruria. 
With the establishment of rheumatic fever as an infectious disease, the 
zest has gone out of the search in the urine for characteristic acid bodies 
or products of perverted metabolism, and this unproductive work has 
disappeared from view. 

The writer had a number of his cases examined for phenolsulphone- 
phthalein elimination in order to watch for deleterious effects in treat- 
ment, and observed no marked alteration from the normal. With 
progressive endocarditis, nephritis and renal embolic lesions are frequent 
and the presence of albumin casts and blood-cells will be noted in such 
cases. 

Joint Fluid as a Means of Diagnosis.—While Rosenow *® appears to 
feel that streptococci can be isolated with great regularity from the blood 
of rheumatic patients and from the synovial fluid of affected joints, the 
experience of most investigators shows the difficulty of isolating any 
organism. This difficulty and the lack of a satisfactory classification 
of the streptococcus groups has prevented these methods from assum- 
ing, up to this time, an important place as a means of establishing the 
diagnosis in rheumatic fever. Where streptococci are recovered from 
the blood without recourse to special methods of oxygen tension con- 
trol, the case may be considered not typical rheumatic fever. The exact 
classification of the organism recovered still being a matter of doubt, diag- 
nosis by bacteriological or immunological reactions is as yet impossible. 

SPECIAL ExamMinations.—The r-ray is frequently of great service, 
particularly in older patients where the arthritis may be the main fea- 
ture of the disease. If the arthritis tends to be persistent, it may be 
advisable to look for a destructive joint process. The rheumatic arthri- 
tis 1s not a destructive lesion. 

Diagnosis.—There is usually little difficulty in the diagnosis of rheu- 
matic fever of the adult in the acute stage. The history or presence of 
sore throat, frequently a history of exposure to cold, wet, or a history of 
previous attacks of rheumatic fever, may lead us to expect this disease 
even though the symptoms have not developed sufficiently to point 
plainly to the nature of the trouble. Following sore throat, the sudden 
onset of fever and arthritis usually means rheumatic fever. The affected 
joints are tender and swollen and markedly painful. The history of pre- 
vious attacks strengthens the diagnosis, and, if these have occurred, it 1s 
probable that examination of the heart will yield evidence of an old endo- 
carditis. The chief difficulty lies in excluding some type of chronic 
infective arthritis. In the child the diagnosis may be a difficult matter 
at first, as arthritis may not be prominent as a symptom. In children, 
however, the onset of some degree of carditis is never long delayed and 
its appearance serves to settle the diagnosis. 

DIFFERENTIAL D1AGNosis.—Aheumatotd arthritis, arthritis deformans 
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of the atrophic type or chronic infective arthritis, is a condition which is 
frequently mistaken for rheumatic fever. Indeed, one might say that the 
earlier acute exacerbations of rheumatoid arthritis are usually mistaken 
for rheumatic fever. If a history of previous attacks of ‘‘rheumatism’’ 
is given, cardiac abnormalities and possibly anemia should be present 
if rheumatic fever is the disease in question; while if rheu- 
matoid arthritis has been responsible for previous attacks, there will 
be a characteristic deformity found on careful searching, be it 
ever so slight, usually of an ulnar deviation of the fingers, and begin- 
ning shortening in some of the joints, both of these changes showing 
a marked tendency to symmetry as regards the joints involved in either 
hand. In a first attack it may be impossible to differentiate these two 
conditions; but, unlike rheumatic fever, if arthritis of the rheumatoid 
type, it shows from the first a remarkable degree of symmetry in its 
distribution. If a knee is involved, we can expect the other knee to be 
inflamed within a few hours; if the right forefinger shows inflam- 
matory change, the left forefinger will almost certainly be affected in a 
brief space of time. The strong tendency of rheumatic fever to affect 
the cardiac tissues is not shown by rheumatoid arthritis. Anemia may 
be present in both of these conditions, and leukocytosis during the acute 
stages of either. While it is almost the rule for chronic tonsillitis in- 
fection to accompany and seemingly to be primarily responsible for rheu- 
matic fever, and while such focal infection may also be associated with 
rheumatoid arthritis, it is usual in the latter disease to find an associa- 
tion with alveolar abscesses or tooth and gum infections. The advanced 
stages of rheumatoid arthritis, of course, offer no difficulty in differentia- 
tion. The type known as Still’s disease, occurring in children, is more 
rapidly progressive than is usual in types of chronic arthritis of adults 
and does not resemble rheumatie fever. 

Septic joint conditions cannot for long simulate rheumatic fever, ex- 
cept in the unusual cases where the toxemia from an acutely septic 
joint is sufficient to instigate a multiple arthritis. In these cases the 
septic condition is monarticular and the local symptoms are so significant 
that the z-ray or the aspirating needle is soon called on to aid the 
diagnosis. There is seldom cause for confusion in the joint infections 
caused by the pneumococci or typhoid bacilli as the arthritis occurs as a 
sequel of a typical systemic infection; but in the case of infection by 
pyogenic streptococci the differentiation may cause some difficulty. The 
arthritis of rheumatic fever does not cause joint destruction or bone 
change as shown by the z-ray. This fact, with the information elicited 
by examination of the joint fluid for pus and bacteria, should distin- 
guish between these conditions. 

Gonococcal arthritis may resemble rheumatic fever. The history of 
urethritis or local complications and the lack of tendency of the arthritis 
to migrate from joint to joint are points which will distinguish it. 

With prostatitis there may occur an arthritis which is similar to that 
of rheumatic fever. Probably a prostatitis as well as a tonsillitis can 
be the starting point of a rheumatic attack. This cannot be called 
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gonorrheal rheumatism or gonococcal arthritis, even though the prostati- 
tis was originally a gonococcal infection. The typical gonorrheal arthritis 
is a septic joint, but there is also frequently found a secondary arthritis 
which migrates to various joints, disappears and reappears with complete 
clearing up, and tends to attack the tendons and tendon sheaths in 
addition to the joints proper. There seems also a tendency to endo- 
carditis with this type of arthritis and it is questionable whether this 
is not frequently true rheumatic fever, starting in the chronically in- 
fected prostate instead of as usual in the tonsils. 

Scurvy shows fever and pain, and swelling of joints, but it is dis- 
tinguished by the swelling of the gums and bleeding from the mucous 
surfaces, and by the history of faulty dietary. 

Barlow’s disease (or infantile scurvy) is a condition which attacks in- 
fants at an age at which rheumatism rarely occurs. ‘The tenderness is 
apt to extend along the bones as well as over the joints. It is associated 
with the history of improper feeding and clears up rapidly when the 
diet is corrected. Concealed hemorrhages are frequent in the gums, 
joints or orbital spaces. 

Purpuric conditions may simulate rheumatism at the onset, but pur- 
pura becomes a distinguishing feature before the disease has progressed 
very far. 

Acute osteomyelitis and acute epiphysitis in children are serious con- 
ditions, and it is important to recognize them at once. Onset is sudden 
and tenderness is extreme and remains localized in the region of a single 
joint or along a single bone. Arthritis in rheumatism in young 
children is apt to be slight in degree, and if serious, shifts rapidly from 
joint to joint. 

Tuberculous arthritis is of gradual onset and strictly localized. 

Syphilitic arthritis is not well understood. In the presence of syphilis 
all acute infections tend to clear up more slowly and to be more serious 
in their effects than is the case in normal individuals. Slight infections 
may lead to considerable changes in syphilitics, and, probably in rheu- 
matic fever, as well as in other types of infection, the diagnosis may be 
confused by the presence of a luetic taint; but true syphilitic arthritis is 
a very unusual condition and in no way resembles the joint manifesta- 
tions of rheumatic fever. The normal temperature and the lack of acute 
tenderness, even though pain is present, are sufficient to distinguish this 
condition. 

The joint pain of secondary lues is frequently mistaken for rheuma- 
tism and this may be particularly confusing on account of the presence 
of fever and sore throat. This confusion is usually due to an insufficient 
study of the case and a careful scrutiny will lead to a blood examination. 

Joint involvement due to serum reaction, occurring several days (usu- 
ally six or seven) after the administration of serum for pneumonia, 
meningitis, diphtheria, etc., may closely resemble the arthritis of rheu- 
matic fever. The history of serum injection may be the only point of 
distinction at the time of onset, though the serum illness usually shows 
a characteristic urticarial] rash. 
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Traumatic arthritis of any joint might be mistaken for rheumatic 
fever. This is particularly so as regards the sacro-iliac joint. The lack 
of fever is against rheumatic arthritis and careful questioning will fre- 
quently bring out the history of trauma. 

Acute gout may resemble rheumatic fever. The presence of tophi 
and the history of previous attacks of gout are suggestive, and there 
may be chronic gouty changes demonstrable in the joint. Gout is very 
apt to lead to chronic joint changes which are not seen as a result of 
rheumatic fever. Where the swelling and inflammation are extreme in 
acute gout, the lividity of the skin and the hardness of the subcutaneous 
tissues are both more marked than in rheumatic fever. 

Cerebrospinal fever and infantile paralysis in the very young may 
be mistaken for rheumatic fever at the beginning of the attack, but in 
both of these conditions characteristic signs will appear in the course of 
twenty-four hours, and a spinal puncture will establish the diagnosis in 
the case of meningococcal infection. The infantile paralysis soon reaches 
the stage of flaccid palsy and all resemblance to rheumatic fever ceases. 

Multiple peripheral neuritis is mistaken for rheumatic fever, particu- 
larly those forms due to lead and alcohol. Pain is marked along the 
nerve trunks and is severe on the soles and the dorsal surfaces of the 
feet; but while pain may be referred to the large joints, tenderness 
at the joint is lacking, being found along the course of the nerves and 
in certain muscle groups. Fever may accompany either of these condi- 
tions. Alteration in reflexes occurs early in neuritis and muscle atrophy 
may appear without much delay. History of alcohol or lead poisoning 
aids the diagnosis. Mental abnormalities frequently accompany the alco- 
holic type and in lead poisoning the characteristic basic stippling of the 
red cells mav be found. 

Foot strain, with its complications, particularly in military work, 
where men unaccustomed to severe exertion are kept on their feet all day 
or subjected to long marches and fatigue, is frequently mistaken for 
rheumatic fever. The tenderness in this case is entirely below the knee, 
and largely confined to the feet and ankles after one day.in bed, though 
it may persist along certain tendons and muscle groups. Fever is not 
present, and both pain and inflammatory reaction tend to disappear rap- 
idly under rest. Support of the foot with raising of the inner edge of the 
heel will usually relieve the pain on standing. 

Complications and Sequele.—Hyperpyrexia.—In severe rheumatic 
infection the condition known as rheumatic hyperpyrexia is sometimes 
observed. This appears to be due to involvement of the central nervous 
system and occurs particularly in the group of cases showing nervous 
disorders. The condition is characterized by extremelv high tempera- 
ture, increasing headache and restlessness and then delirium going on 
to coma with a rapidly fatal result. The temperature ranges from 106° 
to 112° F. (41.1° to 44.5° C.). Free sweating is frequently seen early in 
these cases. The active delirium may last from an hour to a few days. 
Coma follows the delirium, the duration of the comatose condition being 
brief, the temperature rising and death rapidly ensuing. According to 
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Sibson,?> ‘‘the presence of pericarditis increases the chance of occur- 
rences of hyperpyrexia with delirium and coma, in the proportion of four 
or five to one.’’ 

Minor degrees of cerebral disturbance are observed. Severe restless- 
ness and nervousness may accompany a rheumatic attack in childhood, 
and may persist for months or years, particularly if there is extensive 
cardiac damage. 

Chorea.—Chorea in its relation to rheumatic fever has been else- 
where considered, as has been the acute dilatation which occurs early 
in the course of the disease. 

Nephritts.—Nephritis of mild degree undoubtedly frequently occurs 
in rheumatic fever. With chronic endocardial changes and repeated 
attacks of rheumatie fever, a chronic interstitial nephritis is the rule. 
Severe nephritis 1s rather unusual, except in severe endocarditis of the 
progressive type. In secondary streptococcic infection (subacute viridans 
mfection) severe nephritis is usual and frequently decides the fatal issue. 
Volhard and Fahr *° give a table showing the apparent etiology in 205 
eases of nephritis, In which 1] are due to rheumatism and endocarditis. 
Five of these are embolic. Rheumatism and endocarditis account for 
2 of 71 cases of acute, 1 of 32 cases of chronic, and 2 of 38 cases of ter- 
minal diffuse nephritis; also 1 of 32 cases of acute glomerular nephritis. 
In giving the supposed etiology of 35 cases of degenerative nephritis, 
rheumatism is not mentioned, but endocarditis (Streptococcus viridans) 
accounts for 2 of 32 chronic cases. 

Chronic Arthritis —Poynton * states that chronie arthritis may re- 
sult from rheumatic fever, but it certainly is a rare and seldom seen oc- 
currence. In the writer’s experience it is usually found that, when joint 
trouble persists, a definite infection of another type is present or chronic 
infective arthritis (rheumatoid arthritis) has been wrongly diagnosed 
during an acute exacerbation. 

Preumonta.—Pneumonia is a frequent complication of rheumatic 
fever in the young, particularly when associated with extensive peri- 
carditis. It is more apt to occur in adults when septic or subacute 
endocarditis is a complication of rheumatic endocarditis. 

Pleurisy—Pleurisy may oceur without pericarditis, but is usually 
absent unless pericarditis also is a feature. Many of the cases of Pick’s 
disease, or polyserositis, with pleural pericardial and peritoneal inflam- 
mation coexisting, are probably of rheumatic origin. 

Rheumatic Iritis—This is a loosely used term, and usually refers to 
some toxic or gouty condition or the result of some foval infection bearing 
no relation to rheumatic fever. De Schweinitz *! states that ‘‘the asso- 
ciation of iritis with acute rheumatic fever must be exceedingly uncom- 
mon, if it ever occurs. The so-called rheumatic iritis must be sharply 
separated from those iritic involvements which follow or accompany joint 
rheumatism (septic joint) and which depend upon metastatis of staphylo- 
cocci or streptococci proceeding from purulent processes in the joints.’’ 
Davis *? states that iritis of a serous or plastic type may result from 
chronic or subacute rheumatism. It rarely follows acute rheumatism. 
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Irons and Brown ** in looking for the cause of so-called ‘‘rheumatic’’ 
iritis examined 100 cases, and found that 23 were syphilitic, and 
in 61 there was no suspicion of syphilis. Dental infections ac- 
counted for 18, tonsils for 16, gonorrhea] infection for 9, sinus infection 
for 3, tuberculosis for 8, and combined infections for 17. 

Relation to Other Diseases.— Until we come to recent years, statistics 
and observations on rheumatism mean little unless accompanied by de- 
tailed reports of cases, as rheumatism formerly included practically all 
diseases in which the joints were involved. 

Rheumatoid Arthritis —Rheumatoid arthritis, or chronie infective 
arthritis, is certainly a different disease in all its tendencies, but we 
still find it considered in connection with rheumatic fever. Whether a 
different variant of the same infection can produce it is beyond the 
question. Rheumatic fever has certain characteristics of which the joint 
complications are among the least important. It might be said that if 
there is permanent joint injury, the disease is not rheumatic fever, while 
rheumatoid arthritis is a disease in which the chief manifestation is 
joint involvement with destructive and crippling lesions ultimately re- 
sulting. Focal infection is probably responsible for both. Anemia may 
be marked in both. The acute exacerbation may without close scrutiny 
be apparently similar in these diseases, but here the resemblance ends. 
Arthritis deformans shows absolutely no tendency to cardiac involve- 
ment, and this latter condition is the chief factor in rheumatic fever. 

Chorea.—Chorea is not a disease. It is a symptom-complex due 
usually to rheumatic fever, and possibly to certain other infections and 
toxemias. 

Scarlet Fever.—The relation of scarlet fever to rheumatism has been 
a subject of much discussion. It seems probable that an arthritis may 
accompany scarlet fever which is distinct in all its characteristics from 
true rheumatic fever. But it would also appear that in any individuals 
previously infected with rheumatism exacerbations are very apt to occur 
during an attack of scarlet fever. Probably most cases of so-called 
scarlatinal rheumatism are true rheumatic fever. Dr. Caiger ** seems to 
regard these cases as distinct from rheumatic fever, but says: ‘‘There are 
good reasons why it should be regarded as pathologically akin to scarla- 
tinal rheumatism but. differing in certain respects. It is very prone to 
arise in persons who have been subjected to attacks of acute rheumatism, 
although such subjects are in the minority, and it is readily amenable in 
most instances to the reaction of salicylates.’’ He reports ‘‘rheumatism’’ 
as occurring during searlet fever in over 7 per cent. of 10,000 cases. 

Poynton *° considers that many of these cases of scarlatinal rheuma- 
tism are actually rheumatic fever. He records twenty-five cases of rheu- 
matism directly associated with scarlet fever. These cases show heart 
disease and chorea and in many cases previous rheumatism. It seems 
reasonable to assume, from what we know of the development and course 
of rheumatic fever, that a latent infection of the tonsils might, by the 
scarlatinal tonsillitis, be aroused into activity and true rheumatic fever 
would result from this condition. 
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Malignant Endocarditis.—The question of malignant endocarditis, or 
subacute infective carditis, is difficult to approach. At the moment, the 
prevalent tendency is to consider this condition as a distinct disease, 
‘‘endocarditis lenta,’’ caused by the Streptococcus viridans or Strepto- 
coccus mitior of Schottmiiller,?” or subacute bacterial endocarditis of 
Libman and Celler.*® Libman considers this condition as a clinical en- 
tity, due to a specific streptococcus, which may run a rapidly progres- 
sive course with constant bacteremia or may show a tendency to clear 
up, the bacteremia disappearing and the endocarditis becoming chronic. 
These latter cases are characterized by occasional attacks of fever and 
arthritis, increasing anemia with characteristic pallor, petechise appear- 
ing in crops, peculiar cutaneous nodosities described by Osler,*’ enlarged 
spleen, sternal tenderness, cardiac decompensation and progressive, usu- 
ally fatal, nephritis. 

Typical rheumatic fever may pass imperceptibly into the condition 
described as subacute infective endocarditis; whether in these cases there 
is always an added infection is not known, nor is it established whether 
the subacute infective endocarditis may closely simulate rheumatic fever 
at its onset. Swift and Kinsella '? have demonstrated that the Streptococ- 
cus viridans may be the only organism demonstrable in certain cases of 
rheumatic fever ; Rosenow also finds the demonstrable organism in rheu- 
matic fever appearing in cultures conforming to the viridans charac- 
teristics. With the question of the bacteriological criteria of recognition 
still in an unsatisfactory state, this matter of distinguishing various 
types of endocarditis is impossible by cultures alone. Certain cases may 
be recognized as clearly belonging to a group which does not conform 
to the usual rheumatic series, and yields a green producing streptococcus 
of low virulence with a fair degree of regularity, these differing from 
the usual result of blood-cultures in rheumatic cases. These patients 
show the picture described by Libman, running either a ‘‘typhoid’’ 
course with comparatively rapid termination or a more chronic inter- 
mittent course with death from cardiac breakdown, or more commonly 
from nephritis. These cases all show progressive and profound anemia. 
Other patients begin with typical rheumatic fever, either in a primary 
or subsequent attack, and from that condition pass into the state of 
subacute endocarditis. 

Poynton ** appears to consider these cases as rheumatic in origin, 
describing subacute malignant endocarditis as a sequel of rheumatic 
fever, and demonstrating the ‘‘Diplococcus rheumaticus’’ in the vege- 
tations on the valves in these cases. Until the question of the etiology 
of rheumatism is definitely settled, it is impossible to say that these 
cases are rheumatic. 

Certain observations may, however, be stated. Infective endocarditis 
may be due to any of a number of organisms, as the pyogenic staphylo- 
coec1 and streptococci, the pneumococcus, the influenza bacillus, the 
meningococcus, the gonococcus and the non-hemolytic groups of strep- 
tococcl. 

1. It may be apparently primary as an endocarditis. (The more 
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careful the study of a case, the more apt we are to find a primary focus 
of infection elsewhere. ) 

2. It may occur as a complication of general septicemia due to any 
of these organisms, and secondary to a well-developed focal infection. 

3. It may occur as a secondary infection on a primary rheumatic 
sclerosis of the valves, from 70 to 80 per cent. of all cases of infective 
endocarditis showing an old endocarditis. 

The endocarditis due to the pyogenic organism is usually very rapid 
in its course and accompanied by a profound septicemia. Metastatic 
abscesses and suppurative arthritis occur. These organisms have a high 
degree of virulence. 

The endocarditis due to the Streptococcus viridans, on the other 
hand, assumes an almost chronic form. The organisms show a low de- 
gree of virulence and their presence in the circulation excites a com- 
paratively slight systemic disturbance. 

In point of antibody production and excitation of systemic reaction, 
the usual rheumatic strain or strains probably stand, in general, be- 
tween the hemolytic and pyogenic streptococci and the Streptococcr 
viridans; but again we are confronted by the necessity of considering 
not only the infecting organism but the resistance of the host in de- 
termining the course of the disease. 

Infective endocarditis is rare in the aged and extremely rare in 
children. 

Treatment.—PropHy.Lactic TREATMENT.— While every case of rheu- 
matic fever is due to the presence of an infection, there are extraneous 
factors which must be considered. The question of bodily resistance is 
important, and those conditions which, by lowering resistance, predis- 
pose to an attack must be guarded against. Cold and dampness, chilling 
when fatigued, sleeping in wet clothing, none of these conditions can in 
themselves cause rheumatic fever, but in a person harboring the essential 
infection conditions may be changed by any of these means, so that a 
purely local infection may become a general one. Rheumatic fever occurs 
at times with a frequency simulating a true epidemic among persons 
in a given locality, though its spread is not apparently dependent on 
intimate contact. This is probably due to the spread of tonsillitis and 
other infections of the upper respiratory tract which are extremely con- 
tagious, and which may develop the conditions favorable for the pro- 
duction of rheumatic fever in carriers of latent rheumatic infection. 

The most important point in effective prophylaxis is the prevention 
or eradication of focal infection, and, as Billings has so frequently em- 
phasized, this applies particularly to the tonsils. The removal of dis- 
eased tonsils should be insisted upon, particularly in children and in 
young women generally, and in any one who has shown a susceptibility 
to rheumatic fever by a history of arthritis, chorea, or endocarditis, 
or in the presence of a family tendency to develop the disease. Diseased 
tonsils provide, doubtless, the most important breach in the bodily de- 
fenses, but what has been said regarding the tonsils should apply also 
to sinus infection and alveolar abscesses in those individuals predisposed 
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to rheumatism. Given a tooth which occasionally causes pain, or is tender 
to pressure, or a gum edge showing pus, or a spot on gum which might 
be the opening of a fistulous tract, recourse should be had at once to 
the x-ray, and, if trouble is found, treatment must be immediately un- 
dertaken. No dead tooth of which there is any suspicion should be 
allowed to remain, except under x-ray observation. It must be said that 
alveolar abscesses are much more apt to result in chronie arthritis than 
rheumatic fever, but they may cause the latter. 

It seems a reasonable hope that we may, at a not far-distant time, 
have a specific inoculation against rheumatic fever which will effectually 
prevent its development. At the present time we can endeavor to pre- 
vent the spread of tonsillitis and respiratory infections by proper isola- 
tion of such cases occurring in camps, barracks, factories, ete., or en- 
forcing absence from school on the part of the children so infected. We 
can urge care regarding exposure when there is any reason to suspect 
a tendeney to develop rheumatic fever. But laboring men, artisans and 
soldiers cannot avoid exposure and fatigue, and, fortunately, this pre- 
caution is probably much less important than the eradication of infected 
tonsils. 

The incidence of rheumatic fever in warm climates is far below that 
of the temperate regions. Where it is practical we may advise patients 
to escape from epidemics of colds and from the rigors of climate by a 
sojourn in a more suitable climate. 

Could we but read it correctly, there would be a lesson to be drawn 
from the conditions surrounding the military mobilization camps and 
cantonments of the United States during the first year of this country’s 
participation in the war. While pneumonia, meningitis, and various 
other infectious and contagious diseases were extremely prevalent, there 
was a notable absence of rheumatic fever. Shipyards, and munition 
plants and factories sent their quota to the hospitals, but the army 
remained singularly free from this disease. Definite figures are not 
available, but a scanning of published reports and personal inquiry from 
numerous surgeons attached to various cantonments convinced the writer 
of the accuracy of this observation. Those men who had suffered from 
attacks of rheumatism during childhood were in a large part disquali- 
fied for military service through cardiac disease. This fact would of 
course account for a lower incidence of rheumatism in the army. One 
feature presents itself as of great importance, and that is the organiza- 
tion of the nose and throat specialists by the Office of the Surgeon- 
General. Probably throat hygiene has been an important factor in the 
low incidence of rheumatism among the troops. The same may be sald 
regarding tooth conditions. The outdoor life and general excellent care 
of the health of the men was probably another factor. In view of the 
work of Miller *® and others with non-specific protein infections in the 
treatment of rheumatic fever, it must be remembered that all these men 
had recently been given typhoid and paratyphoid prophylactic inocula- 
tions and that a large percentage of them had experienced very definite 
reactions. 
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Furthermore, the successful treatment of rheumatic fever implies 
the prevention of carditis. While it is advisable to alleviate as far as 
possible the pain and suffering caused by the arthritis, the arthritis is 
a self-limiting affair of comparatively brief duration, and does not leave 
permanent joint injury in its wake. While cardiac damage cannot be 
prevented by any means as yet at our disposal, it may frequently be 
lessened in degree by strict enforcement of rest during the course of 
the disease. 


ACTIVE TREATMENT.—The active treatment of rheumatic fever may 
be considered under three heads: 
1. The symptomatic treatment of the acute attack. 
2. Methods aiming primarily at the infection—prevention or control. 
3. The after-treatment of fibroid and degenerative processes of the 
heart and nervous system. 


1. Symptomatic Treatment of the Acute Stage-——The first matter 
of importance is rest—rest of the heart, as far as possible, by placing 
the patient in the most comfortable position on a firm bed arranged 
to permit the necessary care with a minimum of disturbance. A cradle 
should protect the patient from any pressure by bed clothes. Good nurs- 
ing makes for rest, Just as any needless discomfort adds to the nervous- 
ness and restlessness of the patient. Frequent drying of the skin and 
alcohol bathing are necessary, as sweating is often profuse and fre- 
quently repeated. Blankets may have to replace sheets on the bed if 
the sweating is extraordinary. If the upper extremities are affected, 
the patient must be fed by the nurse and any movement of the arms 
prohibited while the inflammation is acute, though limited use of the 
arms is not aS serious as i8 use of the hips, knees or ankles in walking, 
when these joints still have remaining inflammation and are called on 
to bear the weight of the body. A walk to the bathroom may bring 
back a full-blown attack in a joint that was apparently almost quiescent. 

Rest of the joints is obtained by arranging the limbs comfortably 
and fixing by pillows or sand bags. Well-padded splints may give the 
greatest relief in preventing involuntary motion of the limbs, and afford- 
ing support, thereby allowing prolonged muscular relaxation. It is 
surprising to find how much relief of pain is afforded by thorough fixa- 
tion of the affected joints, and, where only a few joints are seriously 
involved, splinting may be practical and in no way burdensome to the 
patient. It is often important to support the feet so that they do not 
drop into the position of extension. This may be done by a thin pillow 
or pad placed against the feet and supported by a box or heavy block 
on the bed, or by a broad bandage forming a stirrup at the ball of the 
foot and secured to a cuff of adhesive plaster at the calf of the leg. This 
support of the foot is frequently overlooked but may give great relief 
when there is inflammation about the feet or ankles, and in such cases is 
worthy of trial. Plaster-of-Paris splints are advocated for the fixation 
of rheumatic joints by some clinicians, but the necessity for fixation of 
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any particular joint is usually of such short duration and the difficulties 
attendant on applying plaster bandages and cutting the plaster splint, 
without disturbing the patient, are so great for the ordinary practitioner 
that a well-padded wooden, metal, or fiber splint is usually preferable. 
The splint can usually be applied, giving satisfactory fixation and still 
leaving the region of the joint fully exposed for the application of wet 
dressings. Rest of the affected joints by fixation should be continued 
as long as pain and inflammation are present. Rest is made much more 
complete if nervousness and sleeplessness are controlled by a sedative 
during the first stages of the rheumatic attack. For the relief of pain 
and the prevention of the pain-producing muscular contractions there 
is probably nothing better than morphin. This is usually necessary only 
during the first few days. As little as 1/12 grain (0.0054 gram) of 
morphin sulphate given hypodermically may be sufficient, but in extreme 
suffering enough should be given to produce decided relief. The effect of 
sleep and rest will be shown by an improvement in strength, decrease in 
nervousness, and by a slowing of the cardiac rate. Extension, though 
very useful in chronic arthritis, is not so suitable in rheumatic fever. 
In exceptional cases, it might be tried, but the inflammation usually 
shifts so suddenly from joint to joint that it would probably prove 
unsatisfactory. 

Local Application.—Beside enforced rest of the affected joints, local 
measures may be employed to relieve the pain. During the past few 
years, the favorite wet dressing has been a strong solution of magnesium 
sulphate. This is usually employed as a saturated solution, either hot 
or cold. The cold gives relief more frequently than the hot solution, 
but if one is not satisfactory the other should be tried. If the solution 
is weaker, say 1/2 or 1/3 saturated, the results seem equally good and 
it 1s much more easily handled. Magnesium sulphate solution has the 
advantages of cheapness and ease of preparation, as compared with other 
external applications, which make it desirable. There are, however. 
certain difficulties attendant on its use. The compresses dry very 
quickly, leaving an incrustation of the salt on the skin at their edges, 
which causes itching and sometimes severe skin irritation. If a com- 
press is neglected very long, the drying continues until the whole com- 
press is of stony hardness and very painful to the tender joint. Every 
drop of the solution which escapes from the compress leaves a coating 
of salt as it evaporates and unless great care is used in the frequent 
changing of the dressings, the patient’s clothing, sheets and mattress 
are soon so plentifully sprinkled with the sharp granules of Epsom salt 
that the whole bed has to be remade. Carefully used, the Epsom salt 
dressing may give a great deal of relief. Paper or rubber sheeting 
should be placed on the sheet under the dressing and a cradle over the 
limb to prevent the upper sheet from touching the dressing, or the 
dressing may be exposed to the air uncovered. As the compress should 
not be wet enough to drip freely, changing of the compress must be 
frequent and is best managed by having a large basin of the solution 
close to the bed. The skin at the edge of the,compress.should be gently 
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wiped at frequent intervals to remove incrustations. Other wet dress- 
ings may be tried, but the writer knows of none which is as generally 
satisfactory. A favorite local application is a 10 per cent. to 15 per cent. 
ointment of methyl] salicylate in petrolatum, or some other prepara- 
tion of methyl salicylate, perhaps with menthol. It has a pungent 
fragrance and probably some analgesic properties which are purely 
superficial and limited to the skin surface. 

Dry heat or cold may be tried, as the hot water-bag or ice-bag, but 
these are usually of little avail. There is some experimental evidence 
of the efficacy of so-called ‘‘radiant heat’’ in infective arthritis, and 
the powerful electric lamp with a reflector used for treatment of local 
infection may be of use in rheumatic arthritis. Where there is a tense 
and painful effusion in a large joint, much relief of pain may be secured 
by tapping the joint and removing the fluid. Dr. Joseph Sailer, who 
employs this measure with great frequency, states that he has never seen 
any bad results from the use of the needle in these cases. 

Medicinal Measures——The medicinal measures to be employed are 
limited. Morphin or some substitute, as has been previously stated, may 
be of great use during the first day or two. Water is to be given freely. 
Salicylates are commonly the standby in rheumatic fever. The action of 
salicylic acid in rheumatism is not understood. It is assumed by some to 
have an effect in controlling the infection; of this there is no evidence. 
Were this true, there could be no question of the benefit to be derived 
from the early and vigorous use of salicylates as a means of reducing the 
severity of carditis, but attempts to demonstrate a lessened incidence of 
severe carditis in patients treated with salicylates as compared with those 
not so treated are not convincing. Salicylic acid is thought by others to 
affect the toxic manifestations of the disease while having no effect on 
the primary infection, while again it is held that only relief afforded by 
salicylates is due entirely to central nervous effect which depresses the 
pulse and temperature and affords a marked degree of analgesia without 
having any beneficial effect on the infection or the inflammatory 
process. 

Hanzlik and Karsner *° report experiments in which they adminis- 
tered salicylates to animals, in doses corresponding to those used in 
human beings, and caused albuminuria, and leukocytes and casts in the 
urine. A preéxisting albuminuria was aggravated by the admunistra- 
tion of salicylate. There was a distinct diminution in renal functional 
efficiency, as indicated by the non-protein and urea nitrogen of the 
blood, and the kidneys showed disturbance varying in severity from 
simple cloudy swelling of the proximal convoluted tubules to a diffuse 
acute nephritis. Hanzlik, Scott and Thoburn * found that the adminis- 
tration of salicylate to individuals in full doses invariably caused the 
appearance of albumin, leukocytes, and granular casts or cast-like bodies 
in the urines of normal as well as of rheumatic individuals. This was 
independent of fever and due directly to the drug. A _ preéxisting 
albuminuria was aggravated by the administration of salicylate. The 
functional efficiency of the kidney was diminished. The administration 
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of sodium bicarbonate with the salicylates had apparently no influence 
on the renal changes. 

The writer has been in the habit of employing salicylate freely in 
rheumatic fever, and has looked for evidence of nephritis in many cases. 
Nephritis frequently complicates rheumatic fever, but in cases where 
nephritis was absent at the beginning of the salicylate administration, he 
has not noted its appearance under salicylate therapy. 

Conner 5? advocated the use of salicylate intravenously rather than 
by mouth. It was claimed that the stomach was less affected, that large 
dosage was well borne without severe reaction, and that symptomatic 
response was more prompt and certain than when the drug was given in 
the usual manner. The use of chemically pure salt was advised and this 
could be given in surprisingly large and frequent doses without causing 
ehill or untoward reaction. The advisability of using a very fine needle 
and the necessity of having the vein well distended to prevent thrombosis 
are emphasized. This method of treatment has never come into general 
favor. 

Heyn ** advocates the intrarectal use of salicylates as offering a 
means of giving large doses with a minimum of unfavorable action and 
more prompt results than when given in the usual manner. 

Experience shows that the salts of salicylic acid are useful in con- 
trolling the pain, and reducing the arthritis in most cases of rheumatic 
fever, but that some cases are wholly refractory to this mode of therapy. 
In general, it seems that, when a case does not respond within three 
or four days by a marked improvement as regards pain and joint inflam- 
mation, salicylates may as well be abandoned as useless for that par- 
ticular attack. 

It must be remembered that the relief of the arthritis by salicylates 
does not ii any sense mean a cure of the disease, and may lead to a 
sense of false security on the part of both physician and patient, and 
serious cardiac damage may result. If this is not borne in mind it 
would probably be better to Ieave the patient untreated. 

Dr. Lees has been for many years a strong advocate of the salicylate 
treatment. He considers that sodium salicylate has as marked specific 
action against rheumatism as quinin against malaria or as mercury 
against syphilis. According to his: views, small doses of salicylate will 
reduce the pyrexia and cure the arthritis, but large doses are neces- 
sary to reach the infection in the heart and brain. Small doses should 
be given for 24 to 36 hours, as, if too large a dose is given at once, the 
rapid liberation of the endotoxins of the bacteria, destroyed thereby, 
may cause injurious effects, such as acidosis or delirium. But after 
36 hours the amount should be rapidly raised. When vomiting and 
tinnitus occur the administration should be suspended for a few hours 
and is then given in 1/2 to 2/3 of the former dose. The dose can thus 
be raised rapidly without causing recurrence of symptoms, as a rule, 
though the pause in treatment may have to be repeated once or twice. 
Patients can thus be trained to take very large doses with safety. The 


largest dose Lees gave was in a boy of sixteen, who took 600 grains 
VOL. II —40. 
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(39 grams) salicylate and 1200 grains (78 grams) sodium bicarbonate 
for two days, then 500 grains (32.5 grams) salicylate and 1000 grains 
(65 grams) sodium bicarbonate daily for three weeks. This was the 
most severe type of rheumatism, but the patient made a good recovery. 
It is often desirable to give 150 to 200 grains (9.75 to 13.00 grams) 
daily. The daily amount should be divided into ten doses given with 
double the amount of sodium bicarbonate. Larger infrequent doses 
should never be given. 

Reginald Miller ** made a study of the histories of 124 cases treated 
by Dr. Lees from 1902 to 1904 in the Hospital for Sick Children. He 
makes the following deductions from these records: ‘‘Mental depres- 
sion 1s caused by rheumatism and not by salicylate, except as nausea 
is allowed to supervene. Anemia, albuminuria, cardiac depression, etc., 
are not caused by salicylate, but are rheumatic symptoms. Large doses 
of salicylate are absorbed satisfactorily, although it is frequently claimed 
that this is not so. A study of the urine during salicylate administration 
shows as follows: 


Sodium salicylate administered Salicylic acid in urine 
during 24 hours during 24 hours 
Grains Grams Grains Grams 

90 0.85 28 1.82 
150 9.75 46 2.99 
200 13.00 80 5.20 
290 16.25 112 7.28 


Severe heart disease tends to produce vomiting and here large doses of 
salicylate are more apt to produce severe vomiting. Acid intoxication 
may be the result of salicylate poison, but need not oecur if sufficient 
soda is given to keep the urine alkaline and constipation is scrupulously 
avoided. In this series there were six fatal cases, none of which died 
from salicylate poisoning; 82 per cent. of the relapses occurred in such 
cases as were not treated by large doses of salicylate (over 100 grains 
[6.50 grams] daily).’’ 

Billings in this country has been a strong advocate of the use of 
salicylate, and like Lees appears to believe that most cases of acute 
rheumatism will yield satisfactorily to salicylate therapy if the drug 
is employed early and freely. 

Poynton, on the other hand, doubts the specificity of salicylates, and 
does not consider that they affect the infection. He says that the 
rheumatic toxins are complex and vary with the tissues in which they 
occur, and that salicylates may have a detoxicating effect on some and 
not on others. 

Jos. L. Miller ®° states that it is not justifiable to refer to the salicy]l- 
ates as specific in acute articular rheumatism, though they probably 
modify the course of the disease without actually shortening the 
period of infection. He found relapses more frequent among treated 
than untreated patients. | 
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Many physicians of wide experience deny that salicylate has any 
effect beyond reducing the fever and alleviating pain by central depres- 
sion. It is held by many that there is an increased tendency to severe 
cardiac involvement when salicylates are used. 

Fantus, Simmons and Moore * conclude that sodium salicylate when 
used in a dose comparatively harmless to animal controls is decidedly 
detrimental and lable to be fatal to animals affected with hemolytic 
streptococci. The addition of sodium bicarbonate does not lessen appre- 
ciably the harmfulness of the salicylates to infected rabbits. Sodium 
bicarbonate given alone is not injurious, neither does it cause improve- 
ment in the infected animals. Acetyl-salicylic acid in like doses appears 
to be much more toxic to normal rabbits than is sodium salicylate, and 
is harmful to infected rabbits as well. Salophen has no influence on 
the course of the infection. 

D. J. Davis ** concludes that sodium salicylate does not exert a favor- 
able effect in infections on rabbits caused by various types of strepto- 
cocci, It neither prevents the arthritis nor the appearance of endo- 
carditis, nor does it alter the course of the infection after it is once 
established. 

It seems difficult to establish experimentally any value for salicylate 
in the treatment of arthritis in animals. This fact, of course, does not 
prove that the drug is without use in the treatment of rheumatic fever 
in man. 

R. Miller 7” discusses the modus operandi of rheumatie infection and 
of salicylate therapy. According to him, ‘‘rheumatism shows itself in 
three sets of changes which are responsible for symptoms: 

‘‘(a) Interstitial inflammatory reaction due to the infection. 

‘“(b) Toxic parenchymatous change. 

‘‘(e) Sclerosis—resulting from the above changes. 

‘*Salicylate controls only the inflammatory reaction. It controls 
arthritis except in the case of large effusions. Chorea is not well con- 
trolled because largely toxic. Salicylate is useful in chorea only when 
fever, arthritis, etc., are present with the chorea. Jn carditis salicylates 
are useful for the inflammatory changes, but of no avail for the toxic 
changes. The treatment of cardiac disease is complicated by the fact 
that, in severe cardiac cases, vomiting is prone to occur under the use 
of even small doses of salicylate. In severe cardiac cases 30 per cent. 
treated by salicylate show severe vomiting, while this is true of only 
4 per cent. of patients without severe cardiac disease when similarly 
treated. Pyrexia of the infective type can be controlled. When it is 
due to toxic causes, salicylates are useless. Rheumatic arthritis, which 
is of bacterial origin, responds well to salicylate treatment. Hyper- 
pyrexia is too fulminating in character for salicylate treatment to be 
of much service. The temperature chart is the guide to the dose of 
salicylate to be employed. This drug is used solely with a view to 
controlling the bacterial activity. While the temperature is high, in 
the acute stages, salicylate should be given. When it assumes an irregu- 
lar character with daily jumps of 1° or 2° F. (.55° or 1.1° C.), salicylate 
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should be continued. <A characteristic type of temperature occurring 
after the infection is under control is sometimes seen. This shows an ir- 
regular course with daily variations, but seldom goes above 100° F. 
(37.8° C.). This is due to the absorption of toxic material, particularly 
from the degenerated heart muscle. In this stage, salicylate is useless. 
The effective range of dosage for child or adult is usually 60 to 120 grains 
per diem (3.90 to 7.80 grams). Less than 1 dram (3.90 grams) is seldom 
sufficient. More than 2 drams (7.80 grams) need seldom be given. 
Much larger doses than these have been shown to be safe if properly 
administered, and if necessary to gain control may be used; but for 
the most part, ‘massive’ doses have been administered in cases of chorea 
in which there was no evidence of bacterial activity remaining. Large 
infrequent doses should not be given.’’ 

The weight of clinical evidence is in favor of the view that, with 
salicylates freely administered, the majority of cases of rheumatic arthri- 
tis can be promptly controlled. There is little ground for the belief 
that the infection is in any way influenced, and this inclines us to the 
belief that the joint manifestations are dué more to the results of the 
presence of the infecting organisms in the body than to their actual 
presence in the joint structures—in other words, that the synovitis and 
peri-arthritis is a toxic manifestation rather than a local infection. 

The sodium salt seems the most satisfactory of the salicylates for 
general use. Aspirin or acetyl-salicylic acid enjoyed great vogue for a 
while and was reported to be less upsetting to the stomach, It is far more 
likely to be disagreeable than the sodium salicylate when given in heavy 
dosage, and many individuals who tolerate the simpler salt perfectly 
show a distinct idiosyncrasy for aspirin, even in small doses. The author 
believes that much of the acetyl-salicylic acid now on the market is dis- 
tinctly inferior to the original product. 

It seems well to administer some alkali as sodium bicarbonate with 
the salicylate. Probably from equal weight to double the weight of 
the bicarbonate as compared with the sodium salicylate is about the 
proper dosage. Grains 15 to 20 (.97 to 1.3 grams) of sodium salicylate 
with grains 20 to 40 (1.3 to 2.6 grams) of sodium bicarbonate may be 
given every two to three hours until the symptoms are under control. 
The signs of overdosage with salicylate are vomiting, which may become 
persistent, tinnitus and vertigo, and delirium or coma. Mild tinnitus 
may be disregarded, but with the appearance of any more marked symp- 
toms the drug should be stopped. As has been stated, typical acidosis 
may be produced by salicylates. In children we must be cautious in 
using this drug, and with all patients particular attention must be paid 
to keeping the bowels acting freely. There are probably many cases of 
severe intoxication caused by the salicylates which are supposed to be 
rheumatic complications. Some of the cases of ‘‘rheumatic’’ nephritis 
are almost certainly the result of this drug, and salicylates carelessly 
administered can surely cause acidosis. 

The proper use of salicylates with careful nursing and attention 
to local treatment, plenty of water, a closely-restricted diet, enforcement 


TREATMENT 629 


of absolute rest, with morphin during the first day or two, if necessary, 
will usually be sufficient practically to relieve the arthritis. Mean- 
while the carditis is probably advancing unchecked. 

2. Specific Methods Aiming at Prevention or Control of the In- 
fection.—Specific treatment aimed at the infection, if successful, would 
not only modify the acute attack with its arthritic and other symptoms, 
but also prevent the development of carditis. 

The first method to be thought of is the development of a passive 
immunity by the use of antistreptococcus serum. This has been a 
notable failure. The strains of cocci recovercd from rheumatic cases and 
believed to be the causative agent have in general exhibited a low degree 
of virulence and of antibody production. A polyvalent serum has been 
reported as showing some degree of good result in a number of cases 
(Menzer '°), but the general opinion of its efficacy with repeated trials 
is not favorable. 

Vaccine therapy was thoroughly tried in subacute cases. Its worth 
as a specific agent has not been demonstrated. An autogenous vaccine 
made up from the strain recovered from the circulation might be used 
in acute cases with benefit, but we have, so far as my knowledge goes, 
no extensive reliable data indicating favorable action, and in view of 
the recognized effects of non-specific protein therapy in rheumatism, it 
would be very difficult to draw conclusions as to its specific action. 

The use of serums and vaccines was found wanting, and chemo- 
therapy offered nothing unless salicylate could be counted as specific. A 
tendency to veer away from these specifie methods was inevitable and, 
in the search for a course offering a more profitable result, attention 
was turned toward the work of Vaughan on infection and immunity 
and of Jobling ** on the effect of ferments and anti-ferments of the 
body and their changed relations during infections. 

It had been noted that prompt and striking results in cases of acute 
infection followed the use of any vaccine, or, indeed, any protein if 
injected in sufficient dosage to cause a marked systemic reaction with 
fever and toxic symptoms. 

Tere °° reported 173 cases of chronic and acute rheumatism treated 
by bee stings during a period of several years. This series was after- 
ward much enlarged, but ai the time of this report he had applied many 
thousand stings in these eases. It is a long and extremely thorough 
report of his observations on the effect of the bee virus. He found that 
a phase of immunity to bee-poisoning was rapidly acquired in most 
cases, during which the local reaction of the sting became negligible. 
During this resistant phase, arthritic symptoms largely disappeared. 
This negative phase could be maintained for long periods of time by 
occasional application of stings, but the susceptibility tended in time 
to return and with its return rheumatic symptoms reappeared. The 
toxic manifestations described in extreme cases of poisoning of bee 
stings resemble very much the effects obtained in protein shock therapy. 
Langer °° repeated Terc’s investigations. using the bee virus, which he 
extracted from the sting, injecting it subcutaneously. THis studies are 
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much less complete and convincing than were those of Tere. 

Preparations of colloidal metals injected intravenously had been 
used for years in severe acute infections with some degree of success, 
and mercury salts intravenously have been found to exert an influence 
on acute infections that is foreign to their nature when otherwise em- 
ployed. Ichikawa‘*! gave intravenous injections of typhoid bacilli in 
eases of typhoid with a resulting prompt termination by crisis in a 
large percentage of cases. Liidke 8° used deutero-albumose and Kraus “** 
eolon bacilli, intravenously, with similar results. Milk injected sub- 
cutaneously was found to have similar effect on acute infections if its 
injection was followed by a considerable febrile reaction. 

Sehaefer’s vaccine, or so-called ‘‘phylacogen,’’ a mixture of the 
products of various bacteria, produced at times very striking results in 
acute infectious conditions. When it produced a severe toxic reaction 
in acute arthritis cases, it relieved the symptoms with great prompti- 
tude. The result could not be accounted for on specific grounds. 
Smith ** obtained results in gonorrheal complications treated by serum 
only when ‘‘serum sickness,’’ or anaphylactic reaction, was obtained, 
and found the results equally good when the same reaction was obtained 
by using normal horse serum instead of the specific serum. He con- 
sidered the anaphylactic or ‘‘allergic’’ reaction the vital point in treat- 
ment. 

The so-called protein poisoning or ‘‘protein shock therapy’’ was 
now very generally applied to the treatment of arthritis. 

Miller and Lusk *° used typhoid vaccine and secondary proteose in- 
travenously with excellent results. 

Jobling,®® Petersen and Manier used secondary proteoses in cases 
of arthritis and some other acute infections with favorable results that 
were most striking. 

R. L. Cecil ® reported the treatment of 40 cases of acute arthritis, 
33 of them supposedly rheumatic fever, by the use of typhoid vaccine 
administered intravenously. Thirteen made immediate recovery, and 
all but two of the others were much improved. He states that this 
method is undoubtedly efficient in many cases of acute arthritis, but 1s 
unpleasant and may be dangerous in improperly selected cases. 

The writer, during the summer of 1916, treated a number of cases 
of arthritis, mostly acute, by the intravenous injection of formaldehyd. 
The results were similar in every way to those obtained by vaccine and 
other toxic proteins. 

Intravenous Therapy.—The lack of result with sera and vaccines, 
unless the administration is followed by a definite febrile reaction, and 
good result following such reaction, no matter what agent is used, indi- 
cates that a non-specific agent alters bodily conditions profoundly. It 
is not clear whether actual infection is influenced by allergic or anaphy- 
lactic reaction. More reason exists for the view that the change affects 
the toxic expression of the infection, and that, while the organisms are 
still retained in viable form, their presence or products do not excite 
response by marked tissue change. There is probably, in effect, a prompt 
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detoxicating action exerted in the blood or tissues by the allergic re- 
sponse to the introduction into the blood stream of a foreign protein. 
While a similar response may be elicited to a less degree by subcu- 
taneous or intramuscular injections of toxic proteins, the sudden and 
full effect is attained only by intravenous injection where the protein 
is put into the blood unmodified by passage through other tissues, and 
unaltered by cell or membrane selection. The usual typhoid prophy- 
lactic initial dose of 500 million killed bacilli given subcutaneously 
seldom gives a severe reaction; if given intramuscularly there is more 
apt to be a marked febrile response, while one-tenth of that dose given 
intravenously will, as a rule, promptly produce a chill and a sudden 
rise in temperature to 103°-105° F. (39.4°-40.6° C.). The ultimate gain 
in specific immunity against typhosus infection will be much greater in 
the former case, but a detoxicating action and termination of acute 
inflammatory processes will follow promptly after the severe reaction to 
the smaller dose given intravenously, but not after the gradual absorp- 
tion of the larger subcutaneous dose. 

Jobling °* concludes that ‘‘the intravenous injection of non-specific 
substances exerts a marked influence on those infections in which it has 
been tried. It is not believed, of course, that these newer methods will 
cure all cases of infections. They do, however, open up new possibill- 
ties and suggest new methods for attacking infections of unknown etiol- 
ogy, as also those caused by organisms for which we have no specific 
antiserums. That all cases are not benefited does not necessarily reflect 
on the value of the treatment. There are very few therapeutic measures 
which do not have the same objection.”’ 

Two questions here suggest themselves: (a) While experience offers 
abundant evidence that arthritis can be promptly terminated by such 
intravenous therapy, is it a safe procedure, and does it for this purpose 
show any decided advantages over salicylate therapy? (b) Granting 
that arthritis may be controlled by this means, is there any indication 
that carditis is prevented or favorably influenced ? 

(a) Regarding the safety of these procedures: Bacterial extracts or 
emulsions vary so greatly in their toxic effects, when various strains of 
the same species are employed, that great care must be used in selection 
of the strain and estimation of the dose. As Miller states, it is neces- 
sary always to start with a minimum dose of a vaccine until the toxic 
index has been gauged. The writer has heard of a fatality resulting 
from the intravenous use of typhoid bacilli. The reaction is so severe 
that it would, off-hand, appear that the margin of safety was a narrow 
one. On the other hand, long series of cases so treated have been 
reported by Miller and Lusk and by Cecil without fatality. 

As for the use of unknown quantities of mixed organisms, with no 
means of duplicating surely the strains used, it would seem extremely 
hazardous to use such products intravenously and, where such severe 
reactions are concerned, very difficult in any event to judge dosage. 

It would seem safer to use a definite compound, as suggested by 
Jobling (secondary proteose being employed by him), where the dose 
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can be accurately determined by weight, and where stability of the 
compound can be assured. 

The writer has used formaldehyd intravenously to accomplish the 
same reaction. The toxic agent introduced here is probably a combina- 
tion of formaldehyd with serum protein. The systemic results are 
similar to those accomplished by the bacterial injections. Two years 
ago the writer with his resident physicians at the Philadelphia General 
Hospital treated twenty-nine cases of acute and chronic arthritis by 
intravenous injection of formaldehvd. In these cases careful search 
was made for signs of renal damage, blood-breakdown or other untoward 
results, but we could find no evident bad effects. 

Longcope © found that either a single large dose or repeated small 
doses of foreign protein caused changes in the heart muscle, liver and 
kidney in experimental animals. These changes became marked in ten 
to twenty-two days after injection, at a time corresponding to the period 
immediately after the formation of antibodies. 

_ Miller, Lusk, Cecil and others seem to find no reason to suspect bad 
results, 

It might be said that, while bad results have not been shown to follow 
careful intravenous therapeutic measures, we are dealing with a most 
potent agent and the safety of this procedure has not been assured. It 
is, therefore, probably not justifiable to employ this method of treat- 
ment routinely unless more is to be accomplished than simple relief of 
the arthritis. In most cases salicylates and good nursing will accomplish 
this result in a few days’ time. 

(b) As regards the second query: Is the development of carditis 
prevented or favorably influenced by this form of treatment? A much 
larger collection of cases will be necessary before this question can be 
answered. It is said that established active endocarditis is not eradi- 
cated; further, that when endocarditis is present arthritis tends to 
recur after intravenous treatment, showing that the infection remains. 

The writer has not used intravenous therapy in cases with severe 
endocarditis or in those showing evidence of severe myocardial degenera- 
tion. The patients were selected, as a rule, among younger adults, 
either refractory to salicylate treatment or showing a very severe degree 
of arthritis, or those who, having observed results in other patients, 
requested this form of treatment. These patients were usually iaborers 
from railroad construction gangs or workers in munition plants, and it 
has been impossible to follow up these cases properly, but it must be 
said that at the time of leaving the hospital none of them showed any 
serious cardiac damage. We endeavored to keep all rheumatic patients 
in bed for three weeks after the temperature reached normal and suc- 
ceeded in most cases in so doing. 

Any measure which will protect against carditis will be of tremendous 
importance, and while in this case we may be merely clutching at a 
straw, the subject should be studied carefully. It is recognized that 
infection is prone to implant itself upon the heart in which there has 
been tissue damage, and it is more than possible that endocardial damage 
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results first as a toxic expression, as it may in the joints, and that the 
liability of permanent infection may be reduced by the detoxicating 
action of the allergic response. 

The writer’s feeling is that serious cardiac trouble is less apt to 
develop when this form of therapy is used. Realizing the risk attendant 
on its use, he still is inclined to try it on youpg and vigorous individuals 
where the myocardium is not greatly damaged. 

Miller and Lusk ® state: ‘‘We reported in our previous paper that 
the beneficial results in acute arthritis were confined to the joints, 
the complicating endocarditis or pericarditis apparently not being af- 
fected. This statement we believe should be modified, as judging from 
the complete disappearance of fever and rapid return to normal of 
patients with arthritis and acute endocarditis, it would appear that 
the endocarditic involvement had also been controlled. This, of course, 
applies only to the benign type of endocarditis.’’ 

Dosage.—Miller advises the use of typhoid bacilli up to 75 
million, but never starting with more than 40 million of any particular 
strain until the degree of toxic response has been carefully noted. 
Jobling, Petersen and Manier used secondary proteose in dose of 0.25 
ec. (minims 4+) of a 1 per cent. solution increased according to the 
reaction secured. Miller and Lusk used a heavier dose of the same 
secondary proteose prepared by Jobling. The writer has used formal- 
dehyd as formalin (37 per cent. solution), using from 1.5 to 3 ee. 
(minims 25 to 50) in 200 to 300 ¢.c. (6.75 to 10 ounces) of physiological 
salt solution and in a manner similar to salvarsan administration. 

The result to be looked for, after the intravenous introduction of a 
foreign protein, is as follows: 

During the administration of formaldehyd there is some bronchial 
irritation and lacrimation. With any of these substances in sufficient 
dose, there is, within twenty or thirty minutes, a severe chill and a rapid 
rise In temperature. The fever will probably reach 104° F, (40° C.) 
and may go much higher. The drop, as a rule, begins in less 
than an hour and may reach normal in from six to twenty-four hours. 
The leukocytes show an initial drop, then in from six to twelve hours 
a marked increase, the count frequently reaching 25,000 and some- 
times much higher than this. As the temperature drops, there is 
severe sweating and the pain begins to subside. It 1s not at all unusual 
to find a patient who had lain helpless, suffering extreme pain in many 
joints, to be entirely free from pain within six hours of the administra- 
tion, moving with perfect freedom, and asking to get up. 

Among the patients treated by us, a third dose was necessary in 
one case before healing was complete in the knees. Many patients 
had two doses before the joints completely cleared up. Some were 
practically cleared up with one dose and the treatment not carried fur- 
ther, though slight arthritis persisted. In many the arthritis cleared 
eompletely after a single dose. 

Vaughan and others have established the definite relationship of 
protein split-products to fever and to intoxications. Jobling has worked 
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out many problems of detoxication. As Petersen © says, ‘‘The direct 
increase of ferments is at least one method of approach worthy of 
further consideration. In protein-splitting, with its resulting forma- 
tion of toxic split-products, is the basis of many of the intoxications 
with which we have to deal in acute and chronic conditions, then the 
detoxication, by means of ereptases and similar ferments, should be of 
considerable importance, From experimental observations it seems prob- 
able, at any rate, that by means of alterations in the ferment-anti- 
ferment balance we may be able to attack many therapeutic problems 
from this relatively simple point of view.”’ 

In view of the failure of salicylates to affect the incidence of cardiac 
involvement and of the lack of any hope of success in specific measures, 
the writer began a trial of shock therapy in the hope that possibly a 
degree of prevention of cardiac disease might be secured, or that, by 
alteration of the ferment index, the tendency to fibrosis which is so 
marked in young rheumatics might be overcome more satisfactorily than 
is possible by the use of iodids in these cases. 

To the mind of the writer, the work of Jobling has pointed out a 
method which, while still speculative, offers the first ray of hope in 
the treatment and prevention of carditis, and should be developed care- 
fully in all its details before being condemned. 

Shock therapy is probably not justified in older individuals, where 
the tendency to cardiac involvement is slight; it is probably danger- 
ous where myocardial or endocardial disease is advanced, but used 
early in the younger patients, it may offer promise of good results. 

3. After-Treatment.—The after-treatment of rheumatic fever is of 
great importance. It is necessary to avoid, as far as possible, subsequent 
attacks of reinfection. This is to be accomplished by careful throat 
prophylaxis, with tonsillectomy, if necessary. Every individual who has 
once suffered from rheumatic fever must be looked upon as susceptible 
and liable to contract the disease again. The use of an oil spray, which 
will protect the throat against irritation and possibly against infection, 
is advised, particularly in all individuals whose occupations keep them 
in a dusty atmosphere or exposed to large numbers of people. These 
susceptible individuals also should avoid chilling and exposures to rapid 
changes in temperature, as these conditions are known to cause throat 
inflammation. 

Particular care must be taken to avoid any strain of the heart and 
rest must be insisted upon for a long period of time. Sibson,?° in study- 
ing the incidence of severe cardiac disease in rheumatic patients with- 
out previous valvular disease, concludes that the extent, severity and 
permanent ill effects of the endocarditis were much greater in the series 
of cases that were not rigidly treated by rest than in the series that 
were so treated. Dr. Fagge ** summarizes very well the necessity for 
rest in the following words: ‘‘The plain inference is that in either sex 
the way to prevent chronic disease of the valves after endocarditis in 
rheumatism or chorea is to keep the patients for many months—or even 
some years—as perfectly as possible at rest; to insist on abstention from 
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violent exercise, athletic sports and games of “ll kinds; to direct the 
choice of light sedentary employment, and to urge the avoidance of 
emotional excitement.’’ Lees ®! states that the first essential for the 
successful treatment of the cardiac implication of rheumatism is pro- 
longed rest. He calls attention to the fact that a reduction of 10 beats 
per minute accomplished by rest is equivalent to a diminution of 100,800 
beats per week. 

It will be found always difficult and often impossible to enforce a 
sufficient amount of rest after an attack of rheumatic fever. Particu- 
larly is this true with the less intelligent among one’s patients, and 
those in the poorer walks of life. The writer has attempted with adult 
hospital cases to insist on the patient remaining in bed for three weeks 
after the subsidence of the fever. Even this is hard to enforce, as many 
patients, finding bed irksome, insist on leaving the hospital. If allowed 
out of bed, they go up and down stairs contrary to orders. These 
patients consider themselves well as soon as the joint pains have ceased, 
and laboring men will return to their work at once in spite of all advice. 
With patients in better circumstances, or those whose means of liveli- 
hood are not dependent on their physical activities, the problem is 
simpler. 

Children who have suffered an attack of rheumatic fever should be 
very carefully watched to prevent over-exertion. The myocardium suf- 
fers disproportionately in the child. It is usually advisable to stop 
or curtail the school attendance of such a child for some months at 
least, as mental over-strain is apt to bring on chorea in the rheumatic 
child, and avoidance of physical over-exertion is almost impossible 
during playtime at school. The proper enforcement of rest with the 
child, after rheumatic fever, will depend on the intelligence and zeal of 
the mother, and it will usually be found that the workingman will take 
no care of himself unless his wife interests herself in insisting on it. 
When it can be arranged, a change of climate and environment is prob- 
ably of advantage. Particularly with children, a mild climate and sea air 
are of great benefit. 

Fibrosis—The medicinal treatment following rheumatic fever is 
aimed, first, at the prevention of undue fibrosis, and, second, at the cor- 
rection of anemia, With the subsidence of the acute attack, there is prob- 
ably subsidence of intoxication. Detoxicating methods are entirely theo- 
retical. There is, however, one very definite condition present in many 
eases, and that is the tendency to extreme fibrosis. In the case of mitral 
stenosis and adhesive pericarditis, this condition becomes a serious one. 
There also may be frequently extreme degrees of myocardial fibrosis 
following acute rheumatism. We have one means of combating patho- 
logical degrees of fibrosis, and that is by the administration of iodin 
in some form. It seems, in the majority of rheumatic cases, good treat- 
ment to follow up the acute attack by a long course of moderate iodid 
therapy. Potassium iodid is the usual salt employed, and a dose of from 
2% to 5 grains (0.162 to 0.324 grams) three times a day is probably 
sufficient to keep the individual under mild iodin influence. Much 
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heavier doses may be employed at times with no apparent ill effect. Some 
individuals tolerate iodin in enormous doses. Wherever iodin is admin- 
istered, we must be on the lookout for the appearance of an iodin rash. 
This usually subsides promptly on stopping the drug. Sometimes small 
doses of iodin provoke a reaction shown by severe coryza and pustular 
rash, when large doses are well tolerated with the production of no 
symptoms in the same individual. Thiosinamin or its compound known 
as fibrolysin might be tried with benefit; but the use of this drug is 
purely empirical and its value questionable, while the use of iodin rests 
on a solid basis of long experience and is well supported by recent ex- 
perimental work of Jobling and Petersen. The writer believes, how- 
ever, that he has secured good results in advancing mitral stenosis 0° 
marked degree by the continued injections of thiosinamin in two cases 
and possibly in a third. Unlike iodin, it does not appear to alter the 
anti-tryptic power of the blood-serum in vitro. 

Anemia is particularly marked after acute rheumatism in children, 
and where there is active endocarditis of the progressive type. Whether 
this anemia is due to primary bone-marrow change with interference of 
blood production or whether it is due to increased blood breakdown is 
not known. While infection is active in the subacute cases, the use of 
arsenic, iron and like remedies usually employed for the correction of 
anemia is entirely without avail. When the infection is overcome, arsenic 
is of great service. Iron also seems indicated, but the results of its use 
are not so striking. Arsenic may be given in any form desired—probably 
Fowler’s solution is as satisfactory as any of the preparations, and the 
ease of grading the doses by drops makes it particularly convenient. 
Starting with one drop three times a day, it may be rapidly increased. 
There probably is no advantage in carrying it beyond five drops three 
times a day and three drops is usually sufficient. When arsenic is being 
tal:en, the urine should be examined at frequent intervals and the patient 
observed occasionally for evidence of facial edema. Iron may be given 
as Blaud’s pill (grains 5) (0.324 gram), reduced iron (grains 1 to 3) 
(0.065 to 0.195 gram), the syrup of ferric iodid (minims 10 [0.60 c.c.] 
t.id.), or a very satisfactory form is one of the preparations of iron albu- 
minate. When iron is given, it should be accompanied by a laxative. 
Also iron seems much more effective when the form in which it is admin- 
istered is frequently changed, as the stomach soon may become intolerant 
of any one particular form. 

Both iron and arsenic are more effective when given by injection. 
The citrate of iron may be used intramuscularly; it is extremely irri- 
tating unless given deeply. Arsenic as sodium cacodylate is easily ad- 
ministered subcutaneously; it is not irritating to a troublesome degree, 
but has a disagreeable odor that may be noticeable on the breath. Both 
of these preparations are supplied in ampules ready for use. 

Prognosis.—The prognosis of rheumatic fever is a complicated ques- 
tion—the course and severity of the disease are varied to such a de- 
gree by many factors that all statements regarding prognosis must be 
subject to many exceptions. 
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In a first attack the immediate prognosis is good as regards life. 
The mortality of all cases is probably below 5 per cent. The mortality 
of adults in a first attack is extremely low. In children, the mortality 
in some years may be high. Rheumatic fever appears at times in waves 
simulating true epidemics, and there is a tendency toward severe and 
fatal cases in certain epidemics, while in others, though arthritis and 
fever be marked, the more serious aspects of the disease seem less fre- 
quent. Rheumatic fever, on the whole, is probably a more fatal disease 
in Great Britain than in the United States. 

An acute attack in a child must always be regarded seriously. The 
degree of myocardial involvement determines the prognosis. Cardiac 
dilatation of severe degree, as shown by the area of cardiac dullness 
and the change in the character of the sounds, and tachycardia, or 
arrhythmia are unfavorable signs, and until these signs show steady im- 
provement, anxiety is felt regarding the outcome of the immediate attack. 
Fatal acute dilatation may supervene at any time in these severe cases 
of myocardial degeneration. Rapidly progressive anemia is an indica- 
tion of severe toxemia, as is delirium, and severe toxemia means severe 
myocardial change. 

In the adult, the immediate prognosis is good. Fatal acute attacks are 
usually caused by acute dilatation, malignant endocarditis or hyper- 
pyrexia, and all of these conditions are comparatively rare. 

In considering the ultimate prognosis, an unqualifiedly favorable view 
ean never be expressed. In children the heart is practically always 
damaged to some extent, though the signs of valvular disturbance may 
not appear for a long time, and the degree of muscle damage cannot 
be accurately gauged in most cases. The damage may, it is true, be of 
small degree and, if subsequent rheumatic attacks are escaped, the 
cardiae condition may be compatible with a long and active life. On the 
other hand, the danger of recurrence is ever present, and the heart may 
be expected to fare worse with each succeeding attack. 

The important factors in ultimate prognosis include not only the 
myocardial condition, but the degree of involvement of the endocardium 
and pericardium. Cases with extensive pericarditis are usually severe 
and toxic cases during the acute attack, and show a strong tendency 
to recurrence with extensive pericardial adhesions; here the chance for 
any long period of life is poor. A slight degree of mitral leakage in 
the child is not in itself necessarily serious, but aortic leakage in the 
young is always grave and portends rapidly increasing cardiac hyper- 
trophy and embarrassment. A mild degree of mitral stenosis may be 
well compensated for years, but succeeding attacks of rheumatism ure 
apt to implicate an already damaged valve and make matters progres- 
sively worse. A rigid valve which is large enough for a child’s heart 
will be found too small to supply the adult ventricle, and in these cases 
embarrassment usually becomes severe as maturity is reached, even with- 
out fresh outbreaks of endocarditis. 

The ultimate prognosis of rheumatic fever in the adult depends on 
the degree of cardiac damage sustained. The outlook is better in many 
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ways. The myocardium is less susceptible to the toxemia, the liability 
to endocarditis and pericarditis is greatly lessened and stenotic lesions 
of serious degree are unlikely. The attack is more apt to be an acute, 
well-limited affair with a prompt convalescence, and the liability to re- 
currence becomes less as age advances. The liability to secondary in- 
fections of the endocardium, either acute septic endocarditis or sub- 
acute infective endocarditis, is greater in adult life than in childhood. 
These are invariably fatal complications. In women the prognosis is 
affected by the question of pregnancy, which exercises an unfavorable 
effect on the subjects of chronic valvular defects. 

In both men and women with cardiac defects, the prognosis is af- 
fected by the possibility of the patient pursuing a careful course of 
life as regards exertion and rest. If rest can be taken when necessary 
and the cardiac condition observed from time to time, cardiac break- 
down, which would otherwise occur, may be forestalled for years. 

If infected tonsils are removed following an attack of rheumatic fever, 
the prognosis as regards recurrence is rendered much more favorable. 

The prognosis of chorea is good if the cardiac condition is satisfac- 
tory. Fatalities in chorea are usually dependent on the myocardial 
or endocardial condition and the association of the nervous condition 
probably is not of profound importance. The chorea of pregnancy ac- 
companies a grave toxemia and is a serious sign. 

Age.—The great danger in rheumatic fever is before maturity is 
reached, and while dangers still exist in the rheumatism of adults, its 
perils are in every way greatly lessened. As Cabot! says: ‘‘If the 
patient survives the second decade of life, his smoldering, often re- 
crudescent, cardiac infections may die out, leaving a serviceable heart 
despite some narrowing at the mitral or even at the mitral and aortic 
valves. Such cases carry a good prognosis and are often compatible 
with 20, 30 or even 40 years of hard work.’’ 

Pathology.—The striking features of the pathological picture found 
in rheumatic fever occur in the heart and its membranes, where the 
inflammatory and degenerative changes due to the infection and their 
sequele appear in their most characteristic form. 

The pericardium in the young subject will show some degree of 
inflammation in 75 per cent. of all cases coming to autopsy, though 
physical signs pointing to extensive pericarditis will have been re- 
corded in a much smaller proportion of cases, probably not over 25 
per cent. The degree of inflammation varies, from slight, dry, acute 
pericarditis and small patches of exudate, to diffuse inflammatory change 
with fresh adhesions and large masses of thick exudate, organizing or 
becoming necrotic, distributed irregularly over any of the surfaces. 
With extensive inflammation of the pericardium there is apt to be ex- 
tension to the pleural surfaces, with an active plastic pleurisy. The 
mediastinum may be inflamed throughout. <A large quantity of fluid 
in the pericardium is not usually found in acute rheumatic cases, though 
a small amount of serous or sanguineous fluid is to expected. Pro- 
liferative changes in the membrane and organization of exudate pro- 
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ceed rapidly in rheumatic pericarditis and great thickening and ex- 
tensive adhesions may quickly result. These changes are progressive 
in the cases showing a tendency to fibrosis, and, where the condition 
has become chronic, enormous thickening and dense adhesions bind the 
heart tightly to the chest wall and to a thickened pleura, with oblitera- 
tion of mediastinal and pericardial spaces and tying up of the dia- 
phragm. Cases of chronic adhesive pericarditis show an enormous de- 
gree of ventricular hypertrophy, particularly where valvular disease 
exists at the same time. 

The myocardial changes have been recognized to be of more dis- 
tinctive nature. The unit of inflammatory changes in the myocardium 
is found in the submiliary nodule. If these exist in large numbers they 
constitute a real myocarditis. The appearance of the heart muscle de- 
pends on the virulence and extent of the infection and on the stage 
of the disease. In fatal acute rheumatic fever there may be shown a pale 
soft muscle with fatty degeneration of the fibers or necrosis and frag- 
mentation of individual fibers, similar to the heart muscle seen in severe 
diphtheritie intoxication, though less in degree than seen in diphtheria. 
This is a toxic change and not a true inflammatory reaction. The char- 
acteristic sign of this myocardial degeneration is found in the almost 
invariable ventricular dilatation and early hypertrophy which exist 
independent of mechanical faults caused by valvular and pericardial 
involvement. 

In fatal rheumatic fever following previous acute attacks, the results 
of the previous attack must be looked for, and may be found in diffuse 
changes In the heart muscle or in marked hypertrophy due to valvular 
or pericardial disease interfering with the cardiac functions. These 
hearts then assume the characteristics of hypertrophy going on to de- 
generation which are common to this condition, no matter from what 
cause the hypertrophy may arise. Dilatation is apt to be found in the 
fatal cases. In the chronic cases with hypertrophy this is in no wise 
characteristic, In fatal fairly acute cases with progressive endocarditis 
or pericarditis and extremely virulent infection, the toxic changes in 
the heart muscle may be very marked, and dilatation of great degree 
is observed with much loss of muscle substanee and a very thin and 
friable heart wall. This dilatation may affect all the chambers of the 
heart. In some instances, dilatation may come on acutely in the early 
days of an attack. These cases of acute dilatation are apparently of a 
distinct nature and show little alteration in structure in the heart 
muscle, and in these the destructive changes in the muscle fibers are 
not sufficient to account for the phenomenon. Coombs accounts for 
this complication on the grounds of an overwhelming toxemia which acts 
on the musculature or nerve supply, causing a sudden and complete loss 
of tonicity. 

Endocardium.—The endocardium is the seat of some degree of change 
in almost all cases of rheumatic fever. This change may be limited to 
a slight beading at the edge of the mitral leaflets or along the line of 
contact of the aortic cusps, or it may amount to almost total destruction 
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of a valve and progress along the endocardial wall, with destruction 
of the membrane and production of nodular growths of considerable 
size. The papillomatous or warty growths on the valves may become 
fibrosed and calcified and resulting deformities of the valve leaflets de- 
stroy the valve function, allowing the valve to leak and also partially 
obstructing it. 

Regarding the ulcerative lesions, there is no gross distinction between 
those due to rheumatic fever and those due to other infections. A valve 
which has been damaged by rheumatic fever and is already the seat of a 
sclerotie process is prone to secondary infection either by different or- 
ganisms or by rheumatic reinfection, and while hyperplastic or verrucose 
valvulitis and endocarditis are typically rheumatic, the rapid ulcerative 
type may apparently be rheumatic or may be due to primary or sec- 
ondary infection of another nature. 

Blood-vessels —Changes in the larger arteries are not usually con- 
sidered of great importance. Instances are recorded of acute rheuma- 
tism of rapid course with sudden death where acute aortitis was the 
most striking feature (Osler). In the chronic cases, marked aortic 
atheromatous change may be observed in connection with aortic valvu- 
litis of undoubted rheumatic origin, but these changes are much more 
characteristic of the syphuitic and arteriosclerotic types of cardi- 
opathies than of the rheumatic. 

Klotz ®® considers arterial inflammation and aortitis to be a not in- 
frequent occurrence in rheumatic fever and cites a case of acute sac- 
cular aneurysm of the ascending arch of the aorta in a boy six years 
of age. This was associated with acute rheumatic endocarditis. The 
tissues in this vase showed Gram positive diplococci, which were not 
studied differentially. Ife considers that the almost constant presence 
of some inflammatory reaction in the ascending aorta is an associated 
condition in rheumatic fever. A seanning of autopsy reports from many 
sources indicates, however, that, while minute inflammatory foci are 
frequently found, these are seldom of great extent or severity. 

The important vascular changes of rheumatism are in the capillaries 
and are microscopic. The inflammatory lesion constantly seen, whether 
in the myocardium, endocardium, brain or periarticular tissues, has its 
origin in the capillaries. In the small arteries a nodose periarteritis is 
also characteristic. Venous thrombosis may be extensive and apparently 
fatal as in some recorded cases, but whether this is due primarily to 
phlebitis or to cardiac insufficiency and blood alteration is not clear. 

The rheumatic inflammatory changes seem to depend on capidlary 
blockage and active inflammatory change starting in the blood-vessel 
wall and spreading therefrom, with round-eell infiltration and new 
blood-vessel formation, followed by fibrous tissue formation. This is true 
in the endocarditic lesions where the earliest change is in the capillaries 
under the endocardium, with inflammatory reaction and then edema of 
the endocardium and necrosis of the endothelial layer. There is deposi- 
tion of a fibrin-like substance, formation of blood-vessels and prolifera- 
tive changes. Then organization and ultimate fibrosis with cicatrization. 
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In the myocardium, the characteristic lesion is the submiliary nodule 
described by Aschoff, which seems to occur with great constancy. Aschoff 
and Tawara ” found this lesion in all rheumatic hearts examined and 
failed to discover it in other conditions. Carey Coombs *° made a 
careful study of the nodules occurring in five hearts examined by him, 
and the following description is from his report: 

‘Interstitial changes consist of submiliary nodules and areas of 
leukocytosis. The former consist of rounded areas formed by large 
spindle-shaped cells lying in the trabeculw of the connective tissue. The 
cells are much larger than the fibroblasts of ordinary inflammatory re- 
action, but in other respects closely resemble these. The nuclei are often 
multiple. In rounded cells the nuclei le chiefly at the periphery, but 
most of these cells are greatly elongated, seeming to be compressed in 
the connective tissue planes. The cytoplasm stains uniformly, taking 
basie dyes well. At the periphery of the nodule there are seen plasma 
cells and leukocytes chiefly of the mononuclear kinds. The nodules are 
often immediately related to arteries, lying against the vessel or en- 
veloping it. They are found both under the serous coats of the muscle 
and deep in the muscular wall. In the right ventricle thev are scanty. 
The left ventricle contains the bulk of the nodules. Where they occur 
in the auricle they lie close to the auriculoventricular junction. 

‘‘These nodules are encountered also deep in the heart valves, in the 
chord tending, and also were observed in the pericardium. 

‘‘In addition to this interstitial change, parenchymatous degenera- 
tion in the heart muscle may be observed. The fibers lose their striw 
and stain poorly, nuclear changes are noted and deposition of fat drop- 
lets in the muscles. These changes are extremely variable in degree, 
but in most cases the deposit of fat in the muscle fibers constitutes the 
most striking microscopical feature. This is well shown by stained speci- 
mens. The cells in contact with the larger capillaries show more fat 
than those not so placed.’’ 

The changes dependent on hypertrophy from chronic pericarditis 
or old valvular disease will not be considered here. 

Lungs and Pleura.—The condition of the lungs is usually dependent 
on the cardiac condition, and on the degree and duration of chronic 
passive congestion. 

Pleuritis is common in rheumatic fever, particularly where pericardi- 
tis occurs. Fluid may be present in large amounts or plastic exudate, 
and in older cases marked adhesions, either part of a general pleuritis 
or in connection with pericarditis. 

Instances of polyserosttis with extensive involvement of many serous 
surfaces simultaneously are recorded which were supposed to be rheu- 
matie in nature, but the nature of this peculiar condition has not been 
satisfactorily demonstrated. 

The Kidneys.——Renal involvement is very variable. In chronic val- 
vular disease of rheumatic origin, a ‘‘granular kidney’’ or chronic in- 
terstitial nephritis is the rule. In subacute endocarditis (probably fre- 


quently a secondary infection by a Streptococcus viridans) an active 
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and severe nephritis is usual, the degenerative parenchymatous change 
being a marked feature. Embolic foci are of frequent occurrence in the 
endocarditis cases. In the cases of severe acute rheumatic fever, cloudy 
swelling of varying degree is noted; in cases of longer standing, in- 
creasing fatty change. Apart from the rheumatic invasion, the changes 
which accompany chronic congestion are seen in the cases where marked 
sclerosis of the valves has taken place. The degree of these changes de- 
pends on the extent to which the circulation is embarrassed by cardiac 
changes. 

Arthritic changes are usually not marked at autopsy. The arthritis 
is, as a rule, transient and, in contrast to the heart changes, has no re- 
lation to the death of the individual and arthritis is very apt to be a 
thing of the past before death occurs. Destructive lesions in the joints 
are practically unknown in rheumatic fever. The synovial surface may 
be intensely inflamed, fluid is increased and turbid where inflammation 
is active and there may be flakes of exudate on the synovial surfaces 
and minute hemorrhages into the joint cavity. The peri-articular strue- 
ture and the tendons and tendon sheaths may take part in the inflam- 
mation. 

The subcutaneous nodules, seen particularly in children, are consid- 
ered characteristic of rheumatic fever. Their frequency in fatal cases 
in children is given by Poynton as 54 per cent. in 87 cases. This he 
considers as underestimating their frequency of occurrence. There is an 
impression among American clinicians that they occur infrequently in 
this country. These nodules are found particularly over the bony 
prominences and along the course of tendons, are pinkish or yel- 
lowish in color, show fine blood-vessels at the periphery and are not 
sharply defined at the edges, tending to merge into the surrounding 
tissue. The size varies from minute, almost invisible flakes, to masses 
the size of a bean. They are usually few in number. In cases of very 
severe rheumatic infection, the visible nodules may reach the number 
of 200 or more (Cheadle). They are soft at first, tending to become 
firmer in consistency with increasing fibroid change as they get older; 
if of any considerable size, the duration is from a few days to a number 
of weeks. The microscopic appearance of this lesion has been studied in 
detail by many observers. The center shows necrotic tissue and hyalin 
material, surrounding this a layer where cellular infiltration is the promi- 
nent feature with fibrosis, becoming advanced in older lesions, and this 
zone merging into the surrounding connective tissue, which shows swell- 
ing of its fibers and increase in blood-vessels. Poynton and Paine are 
satisfied that the Diplococcus rheumaticus is demonstrable in these 
lesions. 

In the other organs, changes are not characteristic. The results of 
chronic passive congestion or of embolism are seen as in the kidney. 
Splenic enlargement may be a feature in those cases showing a subacute 
active endocarditis. 

The changes in the brain are variable. In chorea and in hyperpy- 
rexta or so-called ‘‘rheumatisme-cerebrale,’’ the brain has been particu- 
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larly examined in the search of a clew to the causation of these condi- 
tions. Hyperemia of both the brain and its membranes is observed, with 
sometimes increased fluid in the membranous spaces. This hyperemia 
and a tendency to small hemorrhages under the pia seem constant fea- 
tures in rheumatic fever fatal in the acute stage. There is no relation be- 
tween the localization of this condition and the occurrence of chorea. The 
involvement of the brain is slight in degree and distributed generally 
throughout the organ and its coverings. In addition to the engorgement 
and minute hemorrhages, thrombosis of various vessels and small conse- 
quent areas of softening are frequently encountered. 

The microscope shows thromboses of small vessels in the brain and 
focal inflammatory areas surrounding these occluded capillaries, with 
round cell infiltration; also minute areas of necrosis dependent on 
thrombosis, and fibrosis following the foveal inflammatory lesions. These 
findings seem constant. There are found degenerations in the cells of 
the cortex and centers, with distortion of nuclei and loss of staining 
characteristics. The morphological changes in the brain cells are slight 
in degree and not more marked than are noted in many infections and 
intoxications. Most of the research in the brains of rheumatics has 
been in cases of chorea, but nothing more definite than these appearances 
has been found to link the symptoms with any distinctive nerve lesions, 
and the changes in chorea do not seem distinctive from those in fatal 
rheumatism where chorea is not present. Micrococci similar to those 
found in the heart valves have frequently been demonstrated in the 
brain in cases of chorea. 

Nothing of importance in the appearance of the spinal cord has 
been recorded with any regularity. 
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